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From  the  Journal  of  the  Sjcicty  of  Art*.  No.  i91. 

As  England  is  approaching  the  time  when  the  services  of  the  state 
arc  destined  to  be  more  or  less  centralized,  it  seems  to  nie  necessary 
for  those  who  are  charged  with  the  superintendence  of  the  various  of- 
fices of  the  government  to  acquaint  thomselvt-s  with  the  principles  upon 
which  foreign  nations  have  organized  the  bodies  to  whom  they  have 
entrusted  the  peculiar  duties  connected  with  the  various  branches  of 
the  administration.  There  is,  too,  a  tendency  on  the  part  of  some  of 
our  statesmen  of  the  present  day  to  praise  everything  that  emanates 
from  the  French  government,  particularly  with  respect  to  the  adminis- 
tration of  public  works  ;  and  as  the  Corps  Imperial  des  Ponts-et-Chaus- 
86es  is  the  most  important  body  that  the  Minister  of  Public  Works  em- 
ploys upon  them,  it  seemed  to  me  that  it  would  afford  the  subject  of  an 
evening's  discussion  that  would  be  fraught  with  interest  to  you,  were 
I  to  relate  succinctly  that  which  I  know  with  respect  to  the  organiza- 
tion of  that  body,  and  of  the  education  that  the  members  of  it  are 
obliged  to  go  through. 

The  public  works  of  France  constitute  the  object  of  a  separate  de- 
partment of  the  administration  of  the  country,  under  the  control  of  ;k 
minister,  who  is  responsible  to  the  Emperor  for  the  manner  in  which 
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he  discharges  his  duties.     These  consist  of  the  maintenance  and  the 
perfection  of  the  means  of  internal  communication,  both  by  hind  and 
•water  ;  the  providing  for  tlie  safety  and  convenience  of  the  traffic  with 
foreign  countries,  by  the  docks,  river  navigation,  the  lighthouses,  and 
beacons  of  the  coast;  the  works  that  are  undertaken  for  the  improve- 
ment of  agriculture,  such  as  draining  and  irrigation  works,  &c.;  the 
mining  operations  (by  the  way,  these  operations  are  conducted  under 
the  superintendence  of  a  special  body  of  engineers,  called  the  Inge- 
nieurs  des  Mines,  with  respect  to  the  organization  of  whom  I  read  a 
paper  at  the  meeting  of  the  Royal  Cornwall  Polytechnic  Society,  in  the 
month  of  September  last) ;  the  conditions  that  are  to  be  observed  with 
regard  to  the  exercise  of  unhealthy  and  dangerous  trades  ;  the  working 
of  steam  engines  ;  the  erection  and  maintenance  of  the  buildings  of  the 
state,  beyond  those  that  are  comprised  within  the  functions  of  the 
other  ministers  ;  but  in  many  cases  the  Ingenieurs  des  Ponts-et-Chaus- 
sees  enter  into  the  service  of  the  state  under  the  different  branches 
of  the  administration,  as  en  service  detaclie.     The  Minister  of  Public 
Works  has  also  to  prepare  and  propose  the  laws  for  the  regulation 
and  control  of  private  commerce  ;  for  the  encouragement  of  arts,  so 
far  as  they  are  effected  by  the  processes  of  manufacture.     He  has  the 
control  of  the  industrial  schools,  the  fund  for  the  superannuation  of 
government  employees,  the  saving  banks,  the  joint  stock  companies, 
the  private  banks,  and  the  superintendence  of  the  service  of  weights 
and  measures.     He  is  also  charged  with  ascertaining  the  changes  in 
foreign  legislation  on  the  subjects  that  are  likely  to  interest  French 
commerce,  and  it  is  his  duty  either  to  publish  them,  or  send  them  round 
to  those  that  may  be  effected  by  them  ;  according  to  the  regulations 
that  prevailed  some  time  since,  he    had  the  superintendence   of  the 
general  statistics  of  France,  and  of  the  government  stations  for  breed- 
ing horses.     In  the  discharge  of  these  duties  he  is  assisted  by  the  In- 
genieurs des  Ponts-et-Chaussees,  for  all  that  relates  to  the  services 
that  come  within  their  functions  :  thus  there  is  a  Direction  of  Roads 
and  Bridges,  that  is  chaiged  with  the   surface  of  the  highways,  and 
the  departmental  roads,  and  with  the  police  of  the  traffic  upon  them. 
There  is  a  Direction  of  Navigation,  that  is  charged  with  the  service 
of  the  ports  and  the  canals,  with  the  rivers,  both  navigable  and  float- 
able, understanding  by  the  latter  word  such  as  are  capable  of  floating 
down  timber,  but  are  not  suited  for  navigation,  either  on  account  of 
their  velocity,  or  their  shallowness,  or  irregular  volume ;  with  the  po- 
lice of  these  rivers,  and  with  the  arrangements  for  their  improvements. 
There  is  a  Direction  of  Railroads,  divided  into  two  sections,  of  which 
the  first   undertakes  the  regulation  of  the  lines  and  their  concessions  ; 
and  the  second  undertakes  the  works,  and  the  direction  of  the  working 
of  the  railroads,  and  the  collection  of  the  statistics  of  that  means  of 
locomotion.     The  Minister  is  assisted  by  the  Ingenieurs  des  Mines  in 
their  department,  but  they  are  immediately  under  the  orders  of  the 
secretaire-general  of  that  body  ;  in  the  other  branches  of  his  duties 
the  minister  is  assisted  by  a  numerous  staff  of  officers  that  relieve  him 
of  the  care  of  the  details,  and  allow  him  to  concentrate  his  attention 
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upon  the  broad  principles  involved  in  tlie  policy  he  himself  is  disposed 
to  carry  into  effect.  It  is  probable  that  in  the  rapidly  changing  sys- 
tem that  now  prevails  in  France,  some  portion  of  the  duties  that  are 
above  enumerated,  as,  for  instance,  the  superintendence  of  the  horse- 
brec<ling  establishments,  may  be  withdrawn  from  the  functions  of  the 
Minister  of  Public  Works,  Agriculture,  and  Commerce;  but  the  list 
given  of  the  minister's  duties  was  the  correct  one  sometime  since,  and 
it  contains,  at  any  rate,  a  correct  statement  of  the  functions  that  the 
French  authorities  considered  to  fall  within  the  limits  of  that  officer's 
occupation. 

The  Administration  dcs  Ponts-et-Chauss«*es,  it  is  thus  peen,  forms 
one  of  tlie  most  itiii)ortant  branches  of  the  service  of  the  Minister  of 
I'ultlic  Works,  and  is  organized  in  the  most  systematic  manner,  ac- 
cording to  the  French  point  of  view,  to  secure  the  effective  discharge 
of  the  services  entrusted  to  it.  The  date  of  the  creation  of  this  body  i3 
rather  remote,  and  it  is  another  illustration  of  the  manner  in  which 
the  Ancien  lieijime  hnd  prejtared  the  way  for  the  Revolution.  As  far 
back  as  the  time  of  Henry  IV.  there  existed,  in  fact,  a  government 
body  of  engineers,  under  the  direction  of  the  Grand  Voyer  of  the  King- 
dom. Louis  XIV.  gradually  increased  the  power  of  these  engineers; 
and  in  17-2,  the  Regent  instituted  the  Corps  des  Ponts-et-Chaussees, 
under  its  present  name,  and  with  nearly  the  same  functions  that  it  has 
at  the  present  day,  for  the  purpose  of  executing  the  system  of  public 
Works  that  France  had  then  determined  upon.  MM.  Trudainc,  father 
and  son,  were  the  heads  of  this  organization,  and  they  were  succeeded 
by  Pirronet,  in  the  direction  of  the  Ecole  dcs  Ponts-et-Chaussees  at 
any  rate,  about  the  year  1760  ;  at  the  same  time  the  local  governments 
of  Languodoc  ami  liretagnc  established  their  separate  bodies  of  engi- 
neers on  the  same  footing  as  that  of  Paris  for  the  rest  of  the  kingdom. 
In  1791  the  Constituent  Assembly  passed  a  decree,  maintaining  the 
organization  of  the  Ponts-et-Chauesees,  but  they  introduced  into  it  the 
S3*st<in  of  management  that  now  prevails,  and  they  only  recognised 
one  school  for  it,  viz  :  that  of  Paris.  There  have  been  some  changes, 
without  importance,  since  that  period,  asin  the  years  1804, 1817. 1H36, 
1831),  1803,  1855;  but  substantially  the  organization  of  the  adminis- 
tration remains  the  same  as  it  had  been  settled  by  the  Constituent 
Assembly.  The  acts  that  have  been  referred  to  only  made  some  alte- 
ration in  the  ministry  that  they  were  under,  and  a  little  difference  in 
the  authority  of  the  sous-secretaire  d'etat  that  was  specially  charged 
with  the  direction  of  the  united  bodies  of  the  Ingenieurs  des  Mines, 
et  des  Ponts-et-Chaussees. 

The  minister,  then,  under  the  present  system  approves  the  projects 
of  the  new  works  submitted  to  him  in  the  regular  course  of  his  busi- 
ness, and  those  of  the  great  repairs  of  the  roads,  bridges,  canals,  and 
liarbors  ;  he  sees  to  the  regularity  of  the  contracts  that  are  taken;  he 
divides  the  credits  allowed  by  the  legislature;  and  he  prepares  the  de- 
crees regulating  the  position  of  the  engineers  from  the  second  class, 
observing  in  all  cases  the  regular  system  of  promotion,  unless  there 
be  fiome  very  peculiar  circumstances  connected  with  the  case.     The 
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directeur-general  has  the  superintendence  of  the  correspondence  with 
the  pvefets  of  the  various  departments  and  the  engineers;  he  presides 
over  the  meetings  of  the  conseil-general  in  the  absence  of  the  minister  ; 
and  he  prepares  all  the  details  of  administration  that  the  minister  is 
required  to  sign.  The  conseil-gdneral  is  composed  of  the  engineers  of 
every  degree  that  may  be  present  at  the  time  in  Paris  ;  it  is  presided 
over  by  the  minister ;  in  his  absence,  by  the  directeur-general,  or  by 
an  inspecteur  noninated  for  the  purpose  by  the  minister.  It  has  to 
pronounce  upon  the  projects  and  plans  of  works,  and  all  the  questions 
relating  to  construction  that  may  arise;  upon  the  questions  of  accounts, 
and  upon  those  that  concern  the  legal  rights  of  the  state,  arising  out 
of  the  property  that  it  has  in  the  works  executed ;  and,  finally,  it  de- 
cides the  questions  that  are  connected  with  the  duties  of  the  engineers, 
that  would  have  to  be  brought  before  the  council  of  state  or  the  minis- 
ter; for  in  France  no  person  in  the  employ  of  the  government  can  be 
prosecuted  for  the  acts  that  he  may  commit  in  the  course  of  the  dis- 
charge of  his  duty,  however  gross  they  may  be,  without  the  permission 
of  the  conscil  d'etat  before  whom  the  actions  that  may  arise  must  be 
tried. 

The  whole  of  France  is  divided  into  eighteen  districts,  each  of  which 
is  under  the  inspection  of  an  engineer,  who  receives  the  title  of  inspec- 
teur-general  de  2nde  classe ;  the  inspecteurs-generaux  de  Ire  classe 
being  honorary  members,  and  without  any  definite  functions.  The  in- 
specteurs  are  obliged  to  visit  their  districts  every  year,  for  the  space 
of  three  months,  and  they  render  an  account  to  the  conseil-general  of 
the  state  in  which  they  have  found  everything  in  the  course  of  their 
visit,  either  with  regard  to  the  composition  of  the  staif,  the  manner  in 
which  the  accounts  are  kept,  or  the  conditions  they  may  observe  to 
prevail  in  the  works,  such  as  the  roads,  bridges,  rivers,  canals,  harbors, 
railways,  factories,  ferries,  drainage  operations,  &c.  This  report  must 
be  prepared  on  paper  that  allows  the  engineers  in  charge  of  the  various 
parts  of  the  public  works  to  append  their  remarks  to  it;  or  rather  the 
latter  have  to  make  a  report  that  is  transmitted  to  the  conseil  approved 
and  commented  upon  by  the  inspecteur ;  the  reports  of  the  latter  class  of 
oflBcers,  however,  that  relate  to  ihe  staif  of  engineers,  are  sent  directly  to 
the  minister,  on  account  of  the  confidential  character  of  the  communica- 
tions. The  service  of  the  departments  is  divided  between  the  ingenieur- 
en-chef  de  Ire  classe  and  the  ingenieurs-en-chef  de  2nde  classe;  the  in- 
genieurs-ordinaire  de  Ire,  2nde,  et  de  3me  classe;  and  the  conducteurs 
faisant  fonctions  d'ingeiiieur-ordinaire,  or  of  the  various  brigades  of 
the  officers  of  that  rank.  The  ingenieur  de  Ire  classe  is  charged  with 
the  preparation  of  the  projects  for  the  improvement  of  his  district ;  the 
demand  for,  and  the  opening  of  credits  ;  the  execution  of  works  either 
by  competition  or  by  regie,  which  means  that  the  state  employs  the 
workmen  and  engages  the  tradesmen  to  furnish  materials  on  its  own 
account ;  the  number  of  people  employed  in  the  offices  ;  the  payment 
of  the  accounts ;  and  the  delivery  of  the  certificates  and  orders  upon  the 
treasury ;  the  direction  of  the  law  proceedings ;  and  the  movement  of  the 
employees  of  the  office.  The  ingenieur-ordinaire  presents  to  the  ingenieur- 
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en-chef  the  accounts  of  the  measurement  of  the  works  executed,  and 
the  various  conditions  of  the  reception,  and  the  state  of  those  works  ; 
lie  is  also  charged  with  the  examination  of  the  projects  that  it  maybe 
considered  advisable  to  undertake,  which  are  then  submitted  to  the  in- 
genieur-en-chef,  and  by  him  are  transmitted  to  the  ingenieur-inspec- 
teur,  to  be  by  him  co-ordinated  with  the  general  projects  for  the  whole 
kingdom.  The  ingenieurs-ordinaires  are  likewise  charged  with  the 
duty  of  following  the  inquiries  before  the  local  authorities,  into  the  pro- 
priety of  establishing  certain  trades  in  the  localities,  that  may  give 
rise  to  question  de  cornmodo  et  incommodo,  as  the  French  style  the 
questions  that  are  connected  with  the  establishment  of  unhealthy  trades, 
and  the  regulation  of  the  lines  of  buildings  on  the  public  roads  ;  the 
j)olice  of  the  roadways  is  also  within  tlie  jurisdiction  of  the  ingenieurs- 
ordinaires,  who  are,  however,  obligetl  to  confurm  to  the  orders  they 
may  receive  from  tlie  higiier  authorities  in  these  matters.  It  is  the 
duty  of  the  ingenieurs-ordinaires  to  see  that  the  various  contractors 
execute  their  engagements  with  the  state  in  the  strictest  manner,  and 
the}'  must  personally  superintend  the  measurement  of  the  various  ac- 
counts they  certify;  they  are  assisted  in  the  performance  of  their  vari- 
ous duties  by  the  conducteurs,  who  nuiy,  on  some  occasions,  be  pro- 
moted to  the  fulfilment  of  the  office  of  ingenieur-ordinaire  ;  but  the  rule 
of  the  prouioticm  in  the  Corps  des  Ponts-et-Chaussees  is  very  much  op- 
posed, as  we  shall  see  hereafter,  to  the  irregularity  of  this  movement 
of  the  last-/nentioned  body  of  men  ;  they  only  are  allowed  to  perform 
the  functions  of  engineer,  whilst  they  remain  conducteurs  to  the  end  of 
their  lives. 

The  Ingenieurs  des  Ponts-et-Chaussecs  are  admitted  into  that  body 
in  the  following  manner,  that  is  never  departed  from,  let  the  candidate 
fur  distinction  display  ever  so  much  knowledge  that  would  become  use- 
ful in  tlie  profession  of  a  civil  engineer.  The  candidate  for  admission 
must  (ir.>t  of  all  prove  hims(df  capable  of  going  through  the  examina- 
tion of  the  Ecole  iVdytechnique,  and  if  he  support  that  ordeal,  he  must 
study  in  that  school  for  the  space  of  three  years,  passing  through  the 
examinations  that  the  pupils  of  the  Ecole  are  subject  to  every  year. 
He  then,  after  going  through  another  examination,  proceeds  to  the 
special  school  of  the  Ponts-et-ChausseL-s,  where  he  follows  a  course  of 
education  that  is  considered  to  be  such  as  to  (jualify  him  to  practise  as 
a  civil  engineer.  He  has  to  go  through  various  repetitions  and  pre- 
liminary examinations,  that  in  their  variety  of  subjects,  and  the  pro- 
fundity of  the  scientific  information  that  they  require,  would  sorely 
puzzle  the  English  engineers  in  the  majority  of  cases  ;  and  finally,  at 
the  end  of  three  years,  the  candidate  is  allowed  to  pass  the  final  recep- 
tion, and  to  be  classed  as  an  aspirant-ingenieur,  or  an  ingenieur  de 
3me  classe.  The  pupils  who  go  through  the  last  exannnations  with 
particular  distinction  are  sent  abroad  to  study  the  peculiarities  of  for- 
eign practice  ;  and  when  they  return  their  notes  arc  published,  for 
the  most  part,  in  the  "  Annales  des  Pont-et-ChausseL's."  They  arc 
then  sent  with  their  colleagues  to  the  various  places  that  may  be  in 
want  of  au  engineer;  but  their  special  talent  is  hardly  considered  in  the 
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choice  of  their  pursuit,  either  in  their  first  nomination  or  in  their  sub- 
sequent promotion,  which  follows  the  regular  steps,  and  leaves  little 
room  for  the  display  of  original  talent  of  any  kind.  The  consequence 
of  this  organization  of  the  school  is  that  the  young  men  leave  it  with 
a  vast  amount  of  undigested  knowledge  that  would  enable  them  to  pass 
the  examinations  in  the  A^arious  branches  of  their  profession  ;  but  they 
rarely  possess  any  practical  knowledge  whatever.  "They  are,"  as  M. 
Etex  said  in  his  lectures  "On  the  Fine  Arts  applied  to  Industry," 
*'  capable  of  anything  and  fit  for  nothing;"  and  the  fact  that  their  pro- 
motion in  after  life  depends  upon  the  mere  principle  of  their  seniority, 
tends  very  much  to  perpetuate  the  sort  of  feeling  which  the  pupils  of 
theEcole  des  Ponts-et-Chaussees  have  when  they  leave  that  institution. 
This  may  be  said  to  be  a  perfect  self-satisfaction  with  themselves,  such 
as  always  accompanies  the  profession  of  theoretical  as  contrasted  with 
practical  knowledge,  and  a  contempt  for  all  who  may  not  be  so  well 
acquainted  with  the  class  of  information  that  they  have  been  enabled 
to  obtain  ;  and  there  is  this  peculiar  disadvantage  attending  the  kind 
of  preparation  for  the  future  exercise  of  their  profession  that  the  young 
men  who  leave  the  Ecole  des  Ponts-et-Chaussees  are  exposed  to,  that 
they  are  obliged  to  rely  greatly  upon  the  conducteurs  of  that  body  for 
all  that  may  relate  to  the  practical  details  of  the  pursuit. 

When  the  Ecole  des  Ponts-et-Chaussees  was  first  instituted,  in  1747, 
by  M.  Trudaine,  on  its  footing,  and  Perronct  was  appointed  director 
of  it,  the  class  of  education  was  more  general  and  more  decidedly  prac- 
tical than  it  is  now  ;  and  the  consequence  of  this  was  that  the  produc- 
tions of  the  first  engineers  of  the  Ponts-et-Chaussees  were  character- 
ized by  much  greater  taste  than  those  of  their  successors.  It  happens 
in  France,  and  has  been  observed  to  take  place  in  England,  that  the 
new  inventions  and  the  new  processes  that  are  introduced  into  the 
building  trade  are  all  of  them  of  a  nature  to  require  the  knowledge  by 
those  who  employ  them,  of  the  powers  of  resistance  of  materials  ;  and 
as  architects  are  seldom  disposed  to  study  the  scientific  part  of  their 
profession  (which  would  be  required  in  the  case  of  these  new  processes), 
it  follows  that  the  engineers  are  always  consulted  when  they  are  to  be 
employed.  The  inconvenience  of  the  course  followed  in  the  education 
of  young  engineers  is  beginning  to  be  felt  in  the  supreme  ugliness  that 
they  give  to  the  monuments  they  are  called  upon  to  design ;  and  there 
are  serious  questions  whether  it  would  not  be  worth  while  to  change 
the  system  of  education,  in  order  to  introduce  some  principles  of  taste, 
such  as  had  marked  the  productions  of  the  earlier  engineers.  Perhaps 
this  might  be  effected,  if  the  knowledge  of  free-hand  drawing  from  the 
figure  were  made  an  essential  part  of  the  course  of  examination,  and 
proof  were  required  of  the  attendance  of  the  pupils  at  course  of  lectures 
in  architecture  and  archaeology  ;  but  this  is  at  any  rate  certain,  that 
the  engineers  of  the  Ponts-et-Chaussees  invariably  spoil  the  opportuni- 
ties that  are  afforded  them  to  erect  civil  buildings,  and  that  the  various 
bridges  that  they  are  employed  to  execute  are  very  deficient  in  the 
monumental  grandeur  that  characterized  the  productions  of  Huppeau, 
Pitrou,  Perrouet,  Chezy,  Lamblardie,  De  Prony,  &c.  This  is,  after  all, 
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a  question  that  interests  the  lovers  of  aesthetics,  and  may  for  the  time 
be  set  aside,  the  more  especially  as  the  tendency  of  everythin;;  that  itt 
happening  in  Enffland  and  America  is  towards  the  same  state  of  in- 
difierence  to  the  effect  of  the  great  work  entrusted  to  the  engineers; 
provided  the  works  satisfy  the  conditions  of  stability  that  are  require«I 
in  them,  the  public  seems  contented  to  set  aside  th(?  consideration  of 
their  bcnuty  in  France  as  well  as  in  England  ;  and  the  accusation 
against  tiie  engineers  of  the  Ponts-et-Chaus-sees,  that  their  productions 
are  deficient  in  taste,  must,  at  any  rate,  be  shared  by  their  colleagues 
in  other  countries  that  pretend  to  as  high  a  state  of  civilization  as 
France. 

The  engineers,  however,  after  leaving  the  school,  arc  sent,  as  was 
said,  to  the  place  that  may  be  vacant,  whatever  the  nature  of  the  oc- 
cupation may  be  there  ;  they  are  then  promoted,  as  was  before  said, 
in  the  order  of  their  seniority,  unless  there  be  some  very  strong  grounds 
lor  making  an  exception  for  or  against  them.  They  are  expected  to 
observe  towards  one  another  the  kind  of  respect  that  is  always  ob- 
served in  a  military  organization,  and  to  exact  the  same  respect  from 
their  subordinates;  so  that  the  conducteurs  are  always  treated  with  the 
same  kind  of  distance  with  which  an  officer  would  treat  a  common  sol- 
dier. There  are  three  kinds  of  service — the  service  ordinaire,  the  ser- 
vice extraordinaire,  and  the  service  detaclie.  Of  these,  the  service 
ordinaire  comprehends  three  classes — the  service  general,  that  includes 
all  the  ordinary  kitids  of  works  that  fall  within  the  duties  of  the  Ponts- 
et-Chaussees ;  the  service  special,  that  embraces  the  direction  of  the 
works  that  are  separated  from  the  state  budget,  and  are  paid  fur  by 
the  departments;  and  the  service  des  conseils  generaux,  that  compre- 
hends the  general  administration  of  the  body,  and  the  service  nf  the 
Kcolo  des  l*onts-et-Chaussees,  and  of  the  depot  of  maps  and  [dans. 
The  service  extraordinaire  includes  the  superintendence  of  various 
works  that  are  paid  for  by  the  state,  but  do  not  enter  into  the  ordinary 
occupations  of  the  engineers;  such  as  the  service  of  the  lighthouses, 
tlic  works  against  inundations,  the  reclamation  of  the  Solugne,  \c.; 
whilst  the  service  detache  comprehends  the  works  that  are  executed 
for  tiie  departments  of  the  state  that  are  not  included  in  the  budges 
of  the  Minister  of  Public  Works;  such  as  the  harbors  of  Brest,  Cher- 
bourg, li'Orient,  llochefort,  Toulon,  the  colonies,  the  expeditions  to 
foreign  countries,  Algeria,  and  the  municipal  service  of  Paris,  Lvons, 
and  other  large  towns.  The  salaries  paid  to  the  various  grades 
are — for  the  inspecteurs-gen6raux  de  Ire  ciasse,  ll!,000  francs  per 
annum;  of  the  2nde  ciasse,  10,000  francs  per  annum;  ingenieurs- 
en-chef  de  Ire  ciasse,  tiOOO  or  6000  francs  per  annum;  of  the  2nde 
ciasse,  4500  francs  per  annum;  ingcnieurs-ordinaires  de  Ire  ciasse, 
3000  francs  per  annum;  ditto,  of  '2nde  ciasse  2500  francs  per  annum; 
ditto,  of  oiue  ciasse,  l^iOO  francs  per  annum;  the  pupils  of  the  Ecole 
des  Ponts-et-(.'liausscos  receive  1200  francs  per  annum,  and  when  they 
are  employed  on  mission  they  receive  1800  francs.  The  engineers  are, 
besides  their  salary,  entitled  to  charge  their  office  expenses,  which  are 
fixed  by  the  minister;  but,  with  this  exception,  and  the  exception  of 
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some  works  that  the  engineers  are  allowed  to  undertake  for  the  ac- 
count of  the  communes,  they  are  strictly  limited  to  the  appointments 
allowed  them  by  the  government.  I  can  myself  vouch  for  the  fact  that 
the  engineers,  notwithstanding  the  moderate  amounts  of  these  salaries, 
are  almost  universally  pure  and  honest,  in  the  noblest  degree;  they 
scorn  to  receive  bribes;  and  the  tone  of  morals  that  prevails  amongst 
them  in  all  that  relates  to  pecuniary  affairs  might  serve  as  a  useful 
lesson  to  ourselves.  This  is,  perhaps,  aided  by  the  conviction  that  they 
cannot  be  discharged  from  their  functions,  or  debarred  from  their  pro- 
motion, unless  under  very  peculiar  circumstances  of  misconduct.  They 
have  also  a  retiring  pension  in  their  old  age,  and  their  position  in  so- 
ciety is  about  the  highest  in  the  French  administration,  from  the  es- 
teem and  respect  that  always  attaches  itself  to  the  possession  of  the 
class  of  knowledge  that  they  must  attain.  The  influence  of  the  money- 
making  tendency  of  the  age  may  be  detected,  perhaps  in  some  cases, 
but  generally  speaking,  every  one  that  has  had  occasion  to  know  the 
Ingenieurs  desPonts-et-Chaussees  must  bear  the  highest  testimony  to 
their  profound  sense  of  honor  and  delicacy  of  feeling. 

One  great  cause  of  the  efficiency  of  the  service  of  the  engineers  is, 
however,  to  be  found  in  the  body  of  conducteurs  or  clerks  of  the  works 
whom  they  employ,  and  who  are  engaged  upon  the  field  operations, 
the  superintendence  of  the  workmen,  the  measurement  of  the  works 
done,  and  the  preparation  of  the  drawings  that  are  sent  out  from  the 
engineer's  office.     The  nomination  of  these  men  is  rather  singular, 
and  takes  place  somewhat  after  this  fashion: — The  engineer  receives 
a  young  man  into  his  office,  without  salary  at  first,  and  he  brings  him 
up  to  the  details  of  his  business;  at  a  certain  time  the  men  present 
themselves  for  examination  as  conducteurs,  and  they  become  embri- 
gades  if  they  can  pass  that  ordeal,  which  is  made  to  embrace  the  whole 
range  of  sciences  that  are  concerned  with  the  practice  of  civil  engineer- 
ing, such  as  geometry,  the  theory  of  numbers,  logarithms,  the  draw- 
ing of  plans,  levelling,  taking  out  quantities,  measuring  work,  the 
superintendence  of  it,  and  generally  all  that  would  be  required  for 
carrying  works  into  effect.  They  become  then  conducteurs  embrigades 
de  4me  classe,  and  they  pass  through  the  ranks  of  the  third,  second, 
and  first  classes,  in  the  order  of  their  seniority  generally;  but  they 
may  mount  in  grade  more  rapidly,  in  proportion  to  their  merit  or  their 
patronage.     By  the  law  of  30th  October,  1850,  it  was  provided  that 
the  sixth  of  the  places  of  the  engineers  should  be  reserved  to  the  con- 
ducteurs that  had  been  in  the  service  for  the  space  of  ten  years,  and 
who  could  then  pass  the  examination  that  the  engineers  were  subjected 
to;  but  this  provision  has  hitherto  been  perfectly  nugatory,  for  since 
its  promulgation  there  has  not  been  a  single  promotion  from  the  body 
of  conducteurs.     The  utmost  they  can  aspire  to  is  to  be  allowed  to 
perform  the  functions  of  a  civil  engineer,  whilst  they  retain  their  old 
rank.    They  would  be  regarded  as  intruders  if  they  forced  themselves 
into  the  society  of  engineers,  as  the  equals  of  the  latter,  by  taking  ad- 
vantage of  the  letter  of  the  law.    The  consequence  of  this  state  of  af- 
fairs is,  that  the  pupils  of  the  Ecole  Polytechnique  have  practically 
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the  monopoly  of  the  government  employment  in  the  place  of  the  Ponts- 
ot-Chaussees,  for  the  conductcurs  do  not  aspire  to  that  title,  h.'t  ihetn 
be  ever  so  learned  or  ever  bo  capable;  and  thus  the  French  revolution 
lias  perpetuated  the  inequality  of  conditions,  by  giving  tiie  monopoly 
of  th(!  profession  to  those  that  can  afford  to  pay  for  the  education  that 
is  given  in  the  schools — a  strange  cointnentary  upon  the  doctrines  of 
equality  that  the  revolution  was  intended  to  inaugurate. 

There  is  a  very  great  inconvenience  arising  from  the  strictly  theo- 
retical style  of  education  that  the  young  engineers  are  called  upon  to 
go  through,  that  consists  in  the  desire  the  bulk  of  them  possess  to  dis- 
tinguish themselves  by  the  construction  of  works  of  a  monumental 
character,  without  any  regard  to  the  conditions  of  economy  that  would 
be  applicable  in  the  majority  of  cases.  The  principle  of  the  French 
law  is  that  the  architect  is  responsible  for  the  solidity  of  the  building 
that  he  may  put  up,  against  any  defects  of  construction  or  erection, 
f<>r  the  period  of  tliirty  years;  and  though  the  Ingenieurs  des  Punts- 
et-Chaussces  do  not  come  under  the  strict  application  of  the  law,  owing 
to  their  not  working  for  a  commission,  yet  the  tendency  of  the  law  is 
to  produce  a  great  degree  of  strength,  and  a  solidity  of  execution,  that 
may  be  traced  in  all  the  works  they  execute.  The  administration  re- 
quires, in  addition,  that  no  work  should  fail;  the  engineer  that  risks 
much  is  looked  upon  as  a  dangerous  and  troublesome  man.  There  is 
every  inducement,  therefore,  for  the  engineer  to  erect  "monuments," 
an<l  the  character  of  the  works  of  the  Ponts-et-Chauss^es  is  marked 
with  the  grandeur  and  the  magnificence  that  was  formerly  the  distin- 
guishing mark  of  the  Roman  engineers;  but  the  cheap  and  expeditious 
systems  that  prevail  in  En2land  and  America  are  regarded  with  dis- 
like and  contempt.  One  other  objection  may  be  made  to  the  French 
system,  in  the  total  absence  of  original  thought  that  it  devclopcs.  The 
best  subjects,  as  they  call  them,  are  obliged  every  3'ear  to  travel  in 
foreign  countries,  and  the  works  that  are  done  in  France  are  gene- 
rally the  productions  of  civil  engineers  and  the  somewhat  despised  race 
of  architects.  The  Ingenieurs  des  Ponts-et-Chaussees  do  not  attempt 
to  produce  any  new  style — they  only  seek  to  construct  "monuments" 
that  shiill  last  forever  regardless  of  cost.  The  tendency  of  the  body 
of  the  Ponts-et-Chaussees  to  this  style  of  work  is  also,  to  a  great  ex- 
tent, assisted  by  the  publication  of  the  journal  of  the  body,  that  appears 
'•bout  six  times  a  year,  under  the  name  of  the  ''  Atniales  deg  J'untg-et- 
VhausHrea,"  and  is  characterized  by  the  excessive  love  of  theory,  and 
the  abu>e  (if  1  may  say  so  much)  of  mathematical  and  other  scientific 
knowledge,  that  maybe  reproached  to  the  whole  of  the  present  sehool 
of  French  engineers.  The  members  of  that  profession  who  communi- 
cate the  information  that  is  inserted  in  this  journal,  are,  in  fact,  obliged 
to  treat  every  subject  which  {\\vy  undertake  in  the  most  abstract  man- 
ner, as  though  they  constructed  or  designed  works  for  the  sake  of  re- 
solving problems  of  science,  instead  of  endeavoring  to  answer  the  ques- 
tions that  might  arise,  with  the  purpose  of  constructing  the  works 
economically  ;  they  cultivate  science  as  the  end  of  their  labors — they 
do  not  look  upon  it  as  the  means  to  the  end.   The  same  observation  may 
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be  extended  to  tlie  bulk  of  French  scientific  works,  whether  they  be 
brought  out  by  the  Ingenieurs  des  Ponts-et-Chaussees  or  by  the  inge- 
nieurs  civils,  for  the  latter  are  obliged  to  follow  the  example  set  by 
their  rivals,  and  to  employ  a  great  amount  of  science  on  the  simplest 
operations  of  their  pursuit.  Yet  there  is  a  great  advantage  in  thus 
substituting  the  indications  of  theory  for  the  rule-of-thumb  processes 
that  are  still  too  prevalent  here;  and  the  contrast  that  is  presented 
between  the  French  engineering  journals  and  the  English  productions 
of  the  same  kind  is  but  little  to  the  credit  of  our  scientific  and  practical 

men. 

(To  be  Continued. J 


To  Deaden  Sound. 

From  the  London  ISuildur,  No.  1107. 

In  answer  to  your  correspondent  as  to  the  best  means  of  deadening 
sound,  when  altering  an  old  house  in  North  Lancashire,  about  four 
years  ago,  I  met  with  the  best  deadened  floor  I  ever  saw.  Long  moss 
had  been  gathered  in  the  adjoining  woods,  dried,  and  mixed  with  dry 
lime  rubbish,  and  filled  in  between  the  joists.  I  adopted  the  same 
method  in  the  new  portion  of  the  house  with  equal  success.  The  moss 
has  the  advantage  of  being  exceedingly  light.  The  lime  rubbish  should 
be  well  screened  and  mixed  with  the  moss,  great  care  being  taken  to 
leave  no  part  unfilled.  The  neglect  of  this  is,  in  my  experience,  a 
very  common  cause  of  failure.  K. 


Effect  of  Curvature  in  Retarding  the  Passage  of  Trains. 

From  the  London  Mechanics' Magazine,  April,  1S(J4. 

American  engineers  appeared  to  underrate  the  effect  which  curva- 
ture produced  in  retarding  the  passage  of  trains  ;  while  English  autho- 
rities differed  materially  in  their  views  upon  the  subject.  As  the  author 
believed  practical  data  were  wanting,  he  had  appended  to  the  paper 
a  list  containing  the  length  of  every  curve  and  straight  line  upon  the 
Tabon  incline,  specifying  the  gradient  in  each  case.  Further,  he  had 
made  a  few  imperfect  experiments,  to  ascertain  the  resistances  due  to 
sharp  curves  in  combination  with  steep  gradients,  the  results  of  which 
might  be  taken  at  all  events  as  approximations  to  the  truth.  They 
were  tried  with  a  dynamometer,  similar  to  a  spring  balance  in  its  form 
und  arrangement,  but  of  only  sufficient  power  to  allow  of  one  loaded 
wagon,  of  a  gross  weight  of  10  tons,  being  employed.  According  to 
these  experiments,  the  particulars  of  which  were  given  in  detail,  upon 
a  straight  line  with  a  gradient  of  1  in  50,  the  resistances  were  55  tbs. 
per  ton  of  train,  corresponding  with  those  deduced  by  the  ordinary 
mode  of  calculation;  while  upon  the  same'gradient  combined  with  curves 
of  600  feet  radius,  the  resistances  were  augmented  to  70  lbs.  per  ton 
of  train.  By  the  formula  of  Latrobe,  the  resistance  due  to  this  cur- 
vature was  only  5*09  lbs.  per  ton  of  train.  Professor  Rankine's  gave 
12-3  lbs.  per  ton  of  load.  These  experiments  appeared  to  show  that, 
upon  a  curve  of  1000  feet  radius,  the  resistance  was  double  that  upon 
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a  straight  line;  and  upon  a  curve  of  GOO  feet  radiug,  it  was  equal  to 
the  gravity  on  an  inclined  plane  of  1  in  150.  Approxiraatelj,  the  re- 
sistance due  to  the  curvature  might  be  found,  either  by  dividing  the 
number  of  lbs.  in  a  ton  by  0-1^24  of  the  radius  of  tlie  curve,  or  by  mul- 
tiplying the  deflection  angle  of  the  curve  by  l-7o,  to  give  the  resist- 
ance in  lbs.  per  ton  of  train.  It  should  be  stated,  that  the  gauge  of 
the  line  wns  6  ft.  6  ins.  and  that  the  proper  super-elevatiun  had  been 
given  to  the  outer  rail  on  curves. 
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Solutions  of  a  Problem  of  the  Rafters.  By  S.  "\V.  Robinson,  C.  E., 

Detroit,  Mich. 

I  offer  the  following  for  publication  for  the  interest  manifested  in 
consequence  of  the  numerous  solutions  by  the  "triangle  of  forces,"  bv 
"moments,"  by  "virtual  velocities,"  or  by  "the  sliearing  stress."  I 
have  met  with  scarcely  another  problem  whose  solution  by  either  of 
these  principles  can  be  made  with  so  nearly  equal  facility. 


Let  AC,  CB  represent  the  rafters  ad,  db  or  ad',  d'b  sub-rafters,  or 
rods  joined  at  their  intersection  D  or  d'  with  the  intersection  at  c  by 
a  tie  or  strut  DC  or  d'c.  And  let  w  be  a  force  actinir  at  c  tending  to 
depress  c,  causing  a  thrust  at  A  and  u,  tending  to  straighten  ad,  db  or 
ad',  d'b  causing  a  stress  upon  DC,  or  d'c. 

liequired  the  amount  of  stress  t  upon  DC,  or  d'c. 

When  the  force  w  is  acting  at  c,  and  the  combination  is  in  equili- 
brium, there  results  a  force  t  acting  at  c.  There  is  a  horizontal  thrust 
at  a  and  B  caused  by  the  force  at  c,  which  is  resisted  by  an  equal  and 
opposite  force  in  AD,  and  db.   Call  this  force  R. 

Now  as  the  forces  in  any  triangle  of  forces  are  proportional  to  the 
eides  of  the  triangle  respectively,  we  will  have  from  the  triangle 

AF 

AEC,  AE  :  EC— R  :  {vf±t)  whence  R  =  (w+  t)  /-. 
Also  from  the  triangle  aed,  AE  :  KD=R  :  t,  whence 

AE  ^        AE    ^        ,       .     >AE  AE    .       AE 

ED  ED'  ^     —    '^EC*  EC—     EC 
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by  equating ;  from  which 

/       1     ^  i_\  _  ;^. 

\  ED  or  ED'  "^  EC  /         EC  ' 

t    /  EC  X ED  or  ed'  \        t    (  i\      ^  /  ,\ 

whence  —  (       ^  )  =  —  I  CD,  or  cdM  =  -  (ed  or  ed') 

EC  \  /        EC  \  /        EC  ^  ^ 


ED  ED' 

.•.  t=yf — orW — >. 
CD  CD' 

To  make  the  solution  by  moments,  draw  co  and  OB  parallel  to  eb 

and  EC. 

Then  r  .  (bo=ec)  =  (w  + «)  (co  =  eb) 

and  t .  EB=R  .  (ed  or  ed') 

,     ,    ,  eb. ED 
or  t .  EB=(W+«)— 


EG 


ED 

from  which      f  =  w  —  . 


CD 

To  make  the  solution  by  the  principle  of  virtual  velocities,  we  have 
from  the  triangle  aec 

And  from  the  triangle  aed 

Now  if  c  be  depressed  through  an  element  of  space,  A  will  move  ho- 
rizontally through  an  element  of  space  in  which  case  AE,  EC,  and  ed 
become  variable,  while  AC  and  ad  remain  constant.  Therefore  we  may 
diflfercntiate  the  two  equations  above  and  obtain 

2  AEd  (ae)  +  2  ECc?  (ec)  =  0  and  2  aec^  ( ae)  -r  2  edcZ  (ed)  =  0. 
Eliminating  AEd  (ae)  gives 

^(ec)  _ed 
c?(ed)~~ec* 

The  element  of  space  d{EC)  may  be  regarded  as  that  through  which 
c  passes;  and  t^(ED)  the  element  through  which  d  passes.  Hence  each 
force  multiplied  into  its  displacement  gives 

(w+<)  .  d  (eg)  =  t  .  d  (ed), 

,      .    .d(EC)      _, 
or  (w+O-n — k=i' 

^  ^  d  (ED) 

Substituting  for  the  ratio  of  the  infinitessimals  its  value  above,  then 
(w+0-^=^ 

^  ^  EC         ' 

ED 

from  which  <=w — . 

CD 

To  make  the  solution  be  means  of  the  principle  of  shearing  stress. 
The  shearing  stress  of  a  beam  with  reference  to  any  section,  is  the 
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amount  of  force  ■which  tends  to  move  one  part  of  the  beam  over  the 
other,  every  particle  of  the  beam  moving  in  a  direction  parallel  to  this 
section. 

Therefore  if  the  force  in  AC  be  P  and  that  in  ad  be  !•',  the  vertical 
shearing  stress  of  AC  will  be 

P  sin  EAC ;  and  as  this  is  the  total  vertical  resistance  of  AC;  it  must 
be  equal  to  the  total  vertical  force  acting  upon  it; 
Hence  P  sin  EAC=w-f  ^ 

Similarly  the  vertical  shearing  of  ad  is 
p'  sin  EXD  =  t. 
Taking  the  horizontal  shearing  we  have 

p  cos  EAC  =  u,  and  p'  cos  EAD=»a. 
Reducing  we  get 

R  tang  EAC=W-f  ^  and  R  tang  EAD=f, 

,  tang  EAC  ,  , 

or  t~    ^^ =w-f<. 

tang  EAD 

EC  ED 

But  tang  EAC=    -,  and  tang  ead=-  -. 

^  EA'  *^  EA 

^  ^C  ,  ^  ^  ED 

ED  '  CD 

Other  solutions  might  be  made  by  some  of  these  f«>ur  principles. 
Thus,  by  the  triangle  of  forces,  taking  ae  to  represent  ii,  and  EC  to 
represent  (w+0»  ^^^  ^^  to  represent  t,  vre  would  obtain 
R  tang  EAC=(w-fO»  and  R  tang  ead=;, 

which  is  reduced  similarly  as  the  last. 

To  make  a  second  solution  by  the  principle  of  "  virtual  velocities," 
let  C  move  through  an  element  of  spac« 
to  c'  Fig.  2.    At  the  same  time  h  will 
move  to  Ii'.   Draw  through  ]/,  «'il  paral-  J:ia2 

lei  and  equal  to  Dc',  then  iic=ii'ij  and  the 
triangle  licc'  is  similar  to  CEU,  which 
gives  BE  :  EC=c'c  :  cu— c'c  :  'nu' 

.  Bn'     EC 

whence  — i= — .  ,  _ 

cc      BE  B^f 

By  the  principle  of  "virtual  velocities," 
R  .  BB'=(w  +  ;)  .  CC\ 
EC 

or  R  —  —  w-fi. 

BE 


Similarly  we  would  get  from  BED 

ED 

BE         * 

which  may  bo  reduced  as  similar  expressions  above. 
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If  in  the  result  for  t  we  make  ed=0,  ^=0.  If  Ave  make  CD==0,  t=  co. 

If  we  multiply  through  by  CD  and  make  CD  =  oo,  then  ed=  oo.  Si- 
milar conclusions  would  be  drawn  from  the  figure. 

If  AE  and  EB,  Fig.  1,  be  taken  unequal,  we  get  a  similar  expression 
fori. 
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The  3Iacrograph.     By  Wm.  B.  Morgan,  M.  A.,  Prof,  of  Math,  and 
Ast.  in  Earlham  College,  Richmond,  Ind. 

To  the  Editor  of  the  Journal  of  the  Franklin  Institute. 

The  following  article  is  a  copy  of  a  thesis  which  was  prepared  by 
Mr.  Morgan  previous  to  his  taking  the  degree  of  Civil  Engineer  at 
the  University  of  Michigan,  in  June,  1863. 

I  offer  it  to  you  for  publication  on  account  of  its  originality,  and 
the  hope  that  it  will  induce  further  investigation.  It  may  result  in 
reducing  the  principles  involved  to  some  useful  application. 

D.  V.  Wood,  Prof.  Civ.  Eng. 

This  instrument,  being  as  yet  without  a  name,  the  author  of  the 
following  article  has  concluded  to  call  it  The  Macrograph,  from  its 
property  of  describing  long  curves.  (Gr.  jwaxpos',  long,  and  ypa(3)w,  to 
write.) 

The  Macrograph  is  the  invention  of  Oliver  Butler,  Attorney  at  Law, 
Richmond,  Indiana. 

I.  The  instrument  is  represented  by  Fig.  1,  Plate  I.  It  has  two 
cog-wheels,  A  and  B — the  latter  moving  the  former — the  number  of 
teeth  in  the  two  being  different. 

Each  wheel  carries  an  arm,  M  m',  which  may  be  shortened  or  length- 
ened at  pleasure  by  means  of  adjusting  screws.  At  the  extremity  of 
the  arm,  M,  is  a  rotating  pivot,  P,  with  a  binding  screw  and  a  mortise 
through  which  the  rod  R  passes.  The  rod  R  is  attached  to  the  ex- 
tremity of  m',  and  also  passes  through  pivot  P',  which  may  be  placed 
any  where  upon  it  at  pleasure,  and  fixed  there  by  means  of  the  bind- 
ing screw.  The  pivot  p'  rotates  in  the  slider  s.  The  latter  may  be 
placed  any  where  upon  the  rod  R.  This  latter  rod  has  holes  in  it  at 
II  h',  &c.,  into  which  a  pencil  may  be  inserted. 

Upon  turning  the  crank  of  wheel  B,  while  the  instrument  is  in  the 
position  indicated,  it  will  describe  a  curve  or  rather  a  series  of  curves, 
of  which  Fig.  2  is  a  specimen.  By  placing  the  pencil  in  other  parts 
of  the  same,  four  figures  may  be  made  which  differ  so  much  from  this 
specimen,  that  one  would  hardly  suppose  that  they  were  governed  by 
the  same  law. 

It  is  evident  from  the  construction  of  the  instrument,  that  if  the 
wheels  contained  the  same  number  of  cogs  in  each,  with  any  particu- 
lar arrangement  of  the  pencil,  rods,  pivots,  &c.,  the  pencil  must  fol- 
low in  the  same  path  at  successive  revolutions  of  the  wheels.     This 
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path  might  he  a  straight  line,  a  loop,  or  some  other  shaped  figure. 
While  the  number  of  cogs  is  unequiil,  it  is  evident  that  the  path  must 
vary  continually  until  the  same  relative  position  of  the  cogs  is  reached 
which  existed  at  the  commencement  of  the  curve. 

II.  The  rod  i<!  may  be  removed,  and  the  pivot  at  L  inserted  into 
slide  S.  The  mortises  in  slide  s  and  pivot  p  have  slits  in  them  equal 
to  the  thickness  of  the  pencil  through  which  the  latter  may  work. 
Since  the  wheels  are  unequal  in  size,  it  is  cvi<lent  that,  in  order  to 
manipulate  the  instrument,  the  binding  screw  of  cither  the  slider  or 
the  pivot  must  be  loosened.  By  this  arrangement  we  may  describe 
two  systems  of  curves  differing  somewhat  in  principle  of  construction. 

Fig.  3  is  a  sample  of  the  curves  described  when  the  binding  screw 
of  the  slider  is  loosened. 

If  the  binding  screw  of  the  pivot  be  loosened,  we  may  describe 
curves  of  which  Fig.  4  is  a  sample. 

III.  Lastly,  the  wheel  A  may  be  removed,  and  a  pivot  in  the  lower 
part  of  the  slider  s'  inserted  into  the  slider  S.  The  binding  screws  of 
s'  and  s  being  tightened,  and  that  of  pivot  P  loosened,  a  pencil  insert- 
ed into  any  of  the  holes  will  describe  an  arc  of  a  circle.  If  the  slider 
s'  is  loosened  and  pivot  P  tightened,  the  pencil  immediately  under  s' 
will  describe  a  straight  line;  at  every  other  point  an  oval,  with  its  ex- 
tremity nearer  to  s',  more  or  less  sharp,  according  to  its  proximity 
to  s'. 

Figs.  5  and  6  are  examples. 

Again  s'  may  be  fastened  at  any  point  of  rod  r',  the  pivot  P  being 
tightened,  and  the  slider  s  loosened.  Fig.  7  shows  three  such  curves 
described,  with  the  pencil  at  three  different  points. 

It  is  this  class  of  curves  that  I  have  partially  investigated.  The 
discussion  of  the  curves  described  by  the  first  two  arrangements  of 
the  instrument,  would  probably  be  more  curious  than  practically 
useful.  The  only  useful  application  of  the  first  two  combinations 
which  suggests  itself  to  the  writer,  belongs  to  the  engraver's  art.  A 
graver's  tool,  properly  constructed  upon  the  same  principle,  might 
produce  curves  which  it  would  be  impossible  to  counterfeit.  By  the 
use  of  cams,  eccentrics,  and  elliptic  wheels,  not  exhibited  in  the  ilraw- 
ing,  the  figures  may  be  infinitely  more  diversified. 

It  is  possible  that  the  single  curves  described  by  the  third  arrange- 
ment may  be  useful  to  the  engineer.  At  any  rate,  it  is  his  province  to 
investigate  every  manner  of  curve,  and  ascertaiti  whether  in  his  ex- 
tensive department  for  applied  mathematics,  each  may  not  find  some 
place  for  conducing  to  strength  and  symmetry. 

The  problem  which  I  have  partially  solved  may  be  thus  stated : 

The  end  of  a  straight  line  is  made  to  follow  the  circumference  of  a 
circle,  while  (he  line  jtasses  through  ang  fixed  point :  what  is  the  cona- 
tion and  some  of  the  properties  of  the  curve  described  bg  nim  i,ni,i'  ,f 
the  given  line? 

Let  E,  Fig.  8,  be  the  centre  of  the  given  circle,  a  b  the  given  line, 
and  ^>  the  given  point. 

8« 
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Let  R  =  radius  of  the  given  circle. 
a=length  of  ab  =  a'b'. 
r  =pb  =  p'b'  =  radius  vector  of  curve. 
<:Z  =  PE. 

^  =  angle  bpk. 
"We  have, 

r=a— AP  (or  A'p')  =  a  +  AF  —  PF,  .  .  (A) 

But  PF=(?  cos  t, 
and  from  triangle  pea,  c?  :  r  :  :  sin  a  :  sin  t ; 

.'.  R  sin  A==c?  sin  t,  ...  (a) 

Subtract  the  square  of  both  members  of  a  from  R^,  and  we  find 

R  cos  A  =  +  1/  le  —  d'  sin' t  =  af  or  a'f,  .  [b) 

These  in  (A)  give 

r  =  a±  i/R^_fZ-  sin'  t  —  d  cos  t, 

■U'hich  is  the  polar  equation  of  the  curve. 

From  this  equation  we  see  that  for  every  value  of  t  there  are  two 
values  for  r,  the  difference  of  which  is  2  \/  h^  —  j;^  gin^  f  =  2  R  cos  A 
(see  [h]).  Whence  it  appears,  as  is  also  evident  from  the  construction, 
that  the  chord  be'  =  the  chord  aa'. 

n  sin  A 
From  [a)  wc  have  sin  t  = ^ — ,  from  which  we  see  that  the  supe- 
rior limit  of  t  is 


— 1 


sin       ^,  .  ,  .  .  (c) 


or,  cos 


J- 


d' 
.'.  if  cZ=R  the  limit  is  90°. 

On  condition  that  f?  =  R,  or  that  the  point  through  which  the  given 
line  passes  is  situated  on  the  circumference  of  the  given  circle,  the 
equation  of  the  curve  becomes  r  =  a  or  r  =  « —  2  R  cos  t. 

With  the  former  the  point  describes  a  semicircle,  and  with  the  lat- 
ter a  curve  meeting  the  extremities  of  this  semicircle,  modified  by  the 
length  of  a. 

Fig.  9  shows  two  such  curves.     The  first  differential  co-efficient  of 

the  latter  equation  is  -3-  =  2  r  sin  i ;  .*.-,-  =-^ = — ;,  which  is  the 

clt  civ      A  R  sm  6 

value  of  the  subnormal.  Hence  the  value  of  the  subnormal  is  inde- 
pendent of  the  radius  vector.  Then,  for  the  same  value  of  i  in  a  sys- 
tem of  such  curves  described  with  different  radii,  if  normals  be  drawn 
to  the  curves  at  the  extremity  of  the  radii,  as  at  L,  l',  &c.,  these  nor- 
mals will  all  meet  in  a  single  point  c,  PC  being  the  subnormal. 

For  every  radius  vector  drawn  from  P  through  the  curves,  there 
would  be  a  particular  point,  c,  where  the  normals  would  meet.    The 
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locu9  of  these  points  would  not  be  the  straight  line  PC,  but  would  form 
a  curve. 

[If  Bcvcral  lines  of  intrcnchmcnts  be  made,  one  behind  the  other, 
and  of  the  form  of  these  curves,  then  batteries  placed  in  the  same  ra- 
dius vector,  as  at  L,  i/,  &c.,  mitrht  concentrate  tlieir  fire  at  the  same 
point,  c,  when  their  line  of  sight  is  normal  to  the  curve.] 

From  the  theory  of  curves  we  have 

the8ubtangent-^^'-=(''-;''J^^^^  .  .         (D) 

Tangent     r  Jl-f  ^^--i^?^' j4B'+aMaR  cos  t        (E) 

Normal--    ^|r«-|  f    -    L-2r  co8/)V;^--\  -  ,      .  (F) 

If  in  these  we  suppose  a=2R,  corresponding  to  the  curve  mmp  wc 
have 

Subtangent  =  2r  ^^-"^°''  '^',  for  t=^90°=2R  .  .         (d) 

°  Bin  t  ' 

Tangent      =Ri^^^^^^',  for  f=90«=i/^R   .  .         (<•) 

Normal  =  ^,,4^^-^-^^'^^"^-')^  '''  '  ''°=  J'  4^^^^ 
and  if  (  0  we  have  subtang  =  JJ,  tan  =  2,  normal  =  oc,  which  indi- 
cates a  cusp. 

If  in  (D),  (E),  and  (F),  wo  make  f=90^  we  shall  haro 

subtan  -^  ^,  tan=;^     P  .  normal        H  ■  "*  "''^.'  and  if  <=0, 

»  2nsl      »  \     4k'  * 

v»  (a-2u)' 

subtan  =  v  -_      =«,  tan  =3C,  normal—  a. 

To  find  the  area,  use  the  otjuation  Ja  — ^r\/^  in  which  substitute 
the  value  of  r=a-'2ii  cos  t,  and  integrate,  and  we  readily  find 
A= JaV-2aR  sin  (-f  R'MiR' sin  2i-t-(c=0). 
For  <=90°  we  have 

A=4-a'-2aR-f  J'R' 
Ilenco  the  whole  area  N  N  N  =  r  (|a*  I  r)-4«ir. 
If  a=2R  we  find  for  the  area  M  xi  v  m  m=(3.t-8)r'. 

Jiailiui  of  Curvature. 
In  the  geueral  expression 
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Substitute  r==a-2R  cos  t,  j7=2r  sin  ^,  -^  =  2r  cos  t  and  reduce,  and 
we  find 

_  Lrt^-4aR  COS  ^+4ii^J  ^  "12         (G) 

a^-GaR  cos  t  +  8r^ 

Ife=0,then,=,=ji2z|£}_        .  .  .       (G') 

If  (=90°  then /.=,»,=  i^^>*         .  .  .       (G") 

In  these  make  a=2R  and  we  find 

•>S  1 

p=T.    r(I-cos^)-'     .  ._  .         (H) 

Po=%^       ....  (HO 

P^^     ....  (H'O 

For  T,  t'  we  liave  TT'=r  cos  t^=a  cos  <-2r  cos% 

•which  is  a  maximum  for  cos  ^=  —          .                 .              .  .  (I) 

For  a=2R,  cos  t=\    .:     <=60° 

Application  to  the  Arch. 
Suppose  we  have  an  arch  constructed  with  the  curvature  NNNN, 
havin*^^  a  pier  in  the  centre.  This  would  make  a  graceful  arch. 

Let  ^  =  the  angle  which  the  tangent  line  to  the  curve  makes  with 
NPN,  or  with  the  axis  of  x,  and 
■v=the  angle  which  the  tangent  line  makes  with  the  radius 
vector  at  the  point  of  tangency. 

dt      «-2RC0St 
Then  tan  \=r-j-=    »„  ^-    .  ■ 
dr        Zr  sin  c 

tanvtani-1  atan<-4Rsin^ 

.-.  tan  <?=— cot  (v+^)— -^  ^_^^^^  t^a-2R  {cos  t -smttsiiaf 

Substitute  ^^  for  tan  t  and  reduce,  and  we  have 

cos  t 


SeG'd-- 


r.,   .   /asin^-2Rsin2^\2~]|  _ 

~L   ■^Ucos«-2RCOs2j   J  •  •         ^^^) 

Now  if  2=depth  of  loading  at  any  point, 

wi=depth  of  loading  at  the  crown,  N", 
^Q=radius  of  curvature  at  the  crown, 
|0=radius  of  curvature  at  the  point  corresponding  to  z,  we 
have  (See  Professor  Wood's  Lectures) 

z='!^sec'd  ,  .  :         (L) 


JournahFra-ru 


yoL^avmPlatel. 


Journal  Fi'onklin^Instiint. 
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Equation  (L)  is  thus  deduced — 

If  the  arch  is  a  curve  of  efjuilibriuTTi,  the  resultant  of  the  forces  at 
any  point  will  be  in  the  direction  of  the  tangent. 

Let  T=the  tension  or  compression  at  any  point, 

XY:=the  sum  of  all  the  vertical  forces  from  the  crown  to  the  point 
considered, 
H=the  thrust  at  the  crown, 
d=-i\iG  weight  of  a  unit  of  volume. 

The  other  notation  is  given  above. 

Resolving  the  tension  horizontally  and  vertically,  we  have 

T  -7-=2Y=/o2  dx. 


dx 
T  -,  — n. 
di 


Dividing  gives 


dij     f  oz  dx      ,       -, 

,-=•' =  tan  a. 

dx  u 


Tx-fl-        .•  .•         •       diy      02 
Dinerentiating  gives  - ,  .,  = — 
*=  ^         du-      u  • 

These  in  the  value  of  the  radius  of  curvature  give 

p=\_Z~dxy=j^^fo 

dty  ^2 

dx*' 
H  sec' fl 


z  = 

6 II 


For  ^^:0,  z- w,  and  n-p       .*.  m=  ^     which  combined  with  the 

former  equation  gives 

mpjsec^O        .  . 

z  =  — *-^ as  criven  above. 

P  ^ 

To  find  Pq  substitute  cos  t  =  --.  (See  (I))  in  (G)  and  we  find 

Substitute  the  value  of  sec'^  from  (K),  n  from  (G)  and  n^,  in  (L)  and 
we  find 

16r'    r    a»-6aR  cos /+8r«    ~| 
lbH'-(i'L(a«-4aRC08f+4R')  ^  J 
r         /asin^-2Rsin2fy.-|! 

L  Uc08f-2RC0S2J     J  •  ^    ^^ 
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If  cos  t=  -. — ysQ  have  z^=m 
4r 

<-90°  we  have  2=2m  ?^^±^  .  .  (M") 

t=0     webave^^m  -^  .^t^;  .  (M'") 

4R+a    (2R-a)^  ^        ' 

If  a=2R,  which  corresponds  to  the  curve  mmp  we  have 

,         IF-,/  sin<-sin2«  \2~]l  ,,y. 

2=im-^^r,     1+     ; —   -o,  .  (N) 

"^     sin  -^t  L        \  cos  i-cos  2«  /    J  ^    ' 

for  <=60°,  ^=w       ....  (N') 

<=90°,z=2w     ....  (N'O 

;=:0,      z^<x      ,  .  .  .         (N'^O 

From  (N")  we  see  that  the  depth  of  loading  at  the  extremity  should 
be  twice  that  at  the  crown. 

If,  then,  a  portion  contained  between  t=QO°  and  <=90°  were  taken 
for  half  the  span  of  an  arch,  and  the  other  half  span  constructed  simi- 
larly, we  should  have  the  form  of  an  arch  which  might,  in  some  cases, 
be  useful,  for  instance,  in  covered  arches  for  aqueducts.  The  upper 
portion  of  the  load  may  be  horizontal,  provided  its  thickness  over  the 
top  of  the  arch  is  equal  to  the  rise  of  the  arch. 


Utilization  of  Brine.     A  Practical  Application  of  Dialysis. 

From  the  London  Chemical  News,  No.  225. 

Mr.  "Whitelaw,  of  Glasgow,  has  recently  described  the  result  of  a 
patent  process  of  his  own  for  utilizing  the  brine  of  salted  meat.  When 
fresh  meat,  he  said,  had  been  sprinkled  with  salt  for  a  few  days,  it  was 
found  swimming  in  brine.  Fresh  meat  contained  more  than  three- 
fourths  of  its  weight  of  water,  which  was  retained  in  it  as  in  a  sponge. 
But  flesh  had  not  the  power  to  retain  brine  to  that  extent,  and  in  simi- 
lar circumstances  it  absorbed  only  about  half  as  much  saturated  brine 
as  of  water,  so  that  under  the  action  of  salt  flesh  allowed  a  portion  of 
its  water  to  flow  out.  This  expelled  water,  as  might  naturally  be  ex- 
pected, was  saturated  with  the  soluble  nutritive  ingredients  of  flesh — 
it  was,  in  fact,  juice  of  flesh — soup — with  all  its  valuable  and  restora- 
tive properties.  In  the  large  curing  establishments  of  this  city  very 
considerable  quantities  of  this  brine  were  produced,  and  thrown  away  as 
useless.  This  was  the  material  to  which  Mr.  Whitelaw  has  applied  the 
process  of  dialysis,  and  he  thought  with  success,  for  the  removal  of 
the  salts  of  the  brine,  and  for  the  production  at  a  cheap  rate  of  pure 
fresh  extract  of  meat.  Ilis  process  he  stated  as  follows: — The  brine, 
after  being  filtered  to  free  it  from  any  particles  of  flesh  or  other  me- 
chanical impurities  it  might  contain,  was  then  subjected  to  the  opera- 
tion of  dialysis.     The  vessels  or  bags  in  which  he  conducted  the  ope- 
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rations  might  be  made  of  various  materials  and  of  many  shapes,  but 
whatever  might  be  their  material  or  shape  he  called  them  "dialvsers." 
Such  an  apparatus  as  the  following  would  be  found  to  answer  the  pur- 
pose:— A  square  vat  made  of  a  frame  work  of  iron  filled  up  with  sheets 
of  skin  or  parchment  paper  in  such  a  way  as  to  be  water-ti^ht,  and 
strengthened  if  necessary  by  stays  or  straps  of  metal.  The  sides,  ends, 
and  bottom  being  composed  of  this  soft,  dialysing  material,  exposed  a 
great  surface  to  the  action  of  the  water  contained  in  an  outer  vat,  in 
which  the  dialyser  was  placed.  He  found  a  series  of  ox  bladders  fitted 
with  stop-cocks,  or  gutta  percha  mouth  tubes,  and  plugs,  and  hung  on 
rods  stretching  across  and  into  vats  of  water,  a  very  cheap  and  effec- 
tive arrangement.  He  could  also  employ  skins  of  animals,  either  as 
open  bags  or  closed,  and  fitted  with  stop-cock's,  or  bags  of  double  cloth, 
with  a  layer  of  soft  gelatine  interspersed  between  them.  Other  arranr^e- 
ments  would  readily  suggest  themselves,  and  might  be  adopted  accord- 
ing to  circumstances.  But  supposing  the  bladder  arrangement  were  taken, 
which,  he  thought,  would  be  found  practically  the  best,  being  cheap, 
easily  managed,  and  exposing  a  great  surface  to  the  dialytic  action. 
The  bladders  were  filled  with  the  filtered  brine  by  means  of  fillers,  and 
hung  in  rows  on  poles  across,  and  suspended  into  vats  of  water.  The 
water  in  those  vats  was  renewed  once  a  day,  or  oftener  if  required, 
and  he  found  that  actually  at  the  end  of  the  third  or  fourth  day,  ac- 
cording to  the  size  of  the  bladders  employed,  almost  all  the  common 
salt  and  nitre  of  the  brine  had  been  removed,  and  that  the  liquid  con- 
tained in  the  bladders  was  pure  juice  of  flesh  in  a  fresh  and  wholesome 
condition.  The  juice  as  obtained  from  the  "dialysers,"  might  now  be 
employed  in  making  rich  soups  without  any  further  preparation,  or  it 
might  be  concentrated  by  evaporation  to  the  state  of  solid  extract  of  meat. 
The  liquid  from  the  dialysers  might  be  treated  in  several  wa^'s.  It 
might  be  evaporated  in  an  enamelled  vessel  to  a  more  or  less  concen- 
trated state,  or  to  dryness,  and  in  these  various  conditions  packed  in 
tins  or  jars  for  sale.  It  might  be  concentrated  at  a  temperature  of  120°, 
by  means  of  a  vacuum-pan  or  other  suitable  contrivance,  so  as  to  re- 
tain the  albumen  and  other  matters  in  a  soluble  form.  Again,  the  more 
or  less  concentrated  liquid  might  be  used  along  with  flour  used  in  the 
manufacture  of  meat  biscuits.  The  products  he  had  named  were  all 
highly  nutritive,  portable,  and  admirably  adapted  for  the  use  of  hos- 
pitals, for  an  army  in  the  field,  and  for  ships'  stores.  The  dialysis  of 
brine  might  be  conducted  in  salt  water,  so  as  to  remove  the  oreater 
portion  of  its  salt,  and  the  process  completed  in  a  small  quantity  of 
fresh  rain  or  other  water.  In  this  way  ships  at  sea  might  economize 
their  brine,  and  so  restore  to  the  meat  in  a  great  measure  the  nutritive 
power  that  it  had  lost  in  the  process  of  salting.  Thus,  then,  Mr.  White- 
law  obtained  an  extract  of  flesh  at  a  cheap  rate,  from  a  hitherto  waste 
material.  Two  gallons  of  brine  yielded  one  pound  of  solid  extract, 
containing  the  coagulated  albumen  and  coloring  matter.  For  the  pro- 
duction of  the  same  directly  from  meat,  something  like  twenty  pounds 
of  lean  beef  would  be  required.  The  quantity  of  brine  annually  wasted 
was  very  great.     He  believed  he  was  considerably  under  the  truth 
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when  he  said  that  in  Glasgow  alone  60,000  gallons  were  thrown  away 
yearly.  If  they  estimated  one  gallon  as  equal  to  seven  pounds  of  meat 
in  soupproducing-power,  then  this  was  equal  to  a  yearly  waste  of  1H7 
tons  of  meat  without  bone.  Estimating  the  meat  as  worth  six-pence 
per  pound,  this  amounted  to  a  loss  of  £10,472.  In  this  way  the  waste 
over  the  country  must  be  very  great.  In  the  great  American  curing 
establishments  the  brine  wasted  must  be  something  enormous,  as  he 
found  that  in  eight  of  the  Federal  States  4,000,000  pigs  were  slaugh- 
tered and  cured  last  season.  Mr.  Whitelaw  concluded  by  quoting 
from  Gregory  and  Liebig  as  to  the  value  and  efficacy  of  extract  of 
meat. 


yew  mode  of  Illumination. 

From  tlie  London  Chemical  News,  No.  225. 

M.  Soubra,  a  Professor  of  Mathematics,  has  invented  a  new  method 
of  illumination,  or  rather  a  method  of  inverting  a  flame  by  the  adop- 
tion of  which  several  advantages  are  expected  to  be  realized.  The 
apparatus  consists  of  a  syphon  of  glass,  the  open  ends  of  which  are 
turned  upwards;  a  burner  is  placed  just  within  the  shorter  branch. 
Before  lighting  the  lamp,  the  longer  branch  of  the  syphon,  is  heated 
and  a  current  of  air  established,  which  carries  with  it  any  flame  placed 
at  the  open  end  of  the  shorter  branch,  the  flame,  consequently  becom- 
ing inverted.  As  soon  as  the  current  is  established,  and  the  burner 
kindled,  the  heating  of  the  longer  leg  may  be  discontinued,  the  cur- 
rent, once  established,  being  sustained  by  the  heat  from  the  inverted 
flame.  The  advantages  of  this  new  arrangement  are  as  follows: — The 
supports  of  the  globes  or  lamp-glasses  are  placed  above  the  flame,  and 
do  not  intercept  the  light ;  the  reflectors,  also  are  in  no  danger  of  be- 
coming blackened  by  smoke,  and  they  collect  rays  that  otherwise  would 
be  lost  in  the  air.  The  flame  has  a  more  elevated  temperature  on  ac- 
count of  the  heat  being  concentrated  by  the  sj'phon,  and  the  carbon 
consequently  more  incandescent.  The  products  of  combustion  are  col- 
lected in  the  syphon,  and  may  be  conveyed  away  instead  of  vitiating 
the  air  of  the  apartment.  It  is  proposed  to  employ  these  reversed  flames 
as  foot-lights  for  theatres,  the  advantages,  such  as  safety,  &c.,  being 
obvious. 


Translated  for  the  Journal  of  the  Franklin  Institute. 

Water-proof  3Iortar. 
M.  Pavesi  of  Mortara,  recommends  for  the  protection  of  houses 
against  dampness,  to  cover  the  walls  with  a  plaster  composed  as  fol- 
lows :  4  parts  of  pounded  glass,  3  parts  of  charcoal  or  coal,  2  parts  of 
pomice-stone,  3  parts  of  tar,  2  parts  of  pitch,  1  part  of  boiled  linseed 
oil.  These  substances  are  mixed  in  a  cast  iron  pot,  and  moderately 
heated  until  they  form  a  homogeneous  paste.  It  is  then  to  be  applied 
to  the  wall  and  sprinkled  with  sand  for  the  purpose  of  holding  the 
lime  which  is  to  be  applied  over  it.  This  mortar  is  recommended  by 
its  efficiency,  cheapness,  and  easy  preparation. —  Cosmos, 
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OJ  the  Supposed  Xature  of  Air  prior  to  the  Discovery  of  Oxygen. 
By  George  F.  Kodwell,  F.C.S. 

From  tlip  London  Chemical  News,  No.  196. 

1.  TJce  Pneumaticsof  the  Ancients. — In  the  earliest  ages  of  ■which 
we  have  any  record  the  idea  that  the  four  elements  — earth,  water,  air, 
and  fire — were  first  created,  and  the  whole  world  produced  from  them, 
seems  to  have  prevailed.  We  conceive  this  to  have  been  the  oldest 
physical  theory  ;  it  was  believed  by  different  races  in  various  parts  of 
the  world  ;  indeed,  it  is  probable  that  it  originated  before  the  time  of 
the  Arian  migration.  Races  which  differed  from  each  other  in  every 
respect  in  which  they  could  diff'er — in  habits,  in  power  of  thought,  in 
religion — all  admitted  this  theory.  The  philosophy  of  every  age  is 
pervaded  by  it,  and  it  endured  longer  than  any  succeeding  hypothesis; 
for  a  century  ago  it  was  not  as  yet  disproved. 

We  can  quite  understand  how  this  thought  came  to  fix  itself  so  early 
and  so  permanently  in  the  human  mind.  In  every  age,  in  every  coun- 
try, we  find  some  men  who  possess  a  spirit  of  inquiry,  who  desire  to 
understand  all  they  can  about  the  world  in  which  they  live,  and  to  ac- 
count for  the  various  phenomena  they  see  around  them.  In  this  same 
spirit  did  the  first  philosopher  ask  himself,  "What  is  the  world?" 
Throughout  Nature  he  found  but  four  distinct  entities,  and  was  it  not 
natural  to  think  the  whole  world  was  composed  of  them  alone?  Gross 
earth,  to  which  he  could  refer  all  solids  ;  more  mobile  water;  scarcely 
perceptible  air,  with  which  he  classed  winds,  and  clouds,  and  his  own 
breath;  and  lastly,  subtile,  intangible  fire,  type  an<l  symbol  of  the  sun 
which  he  worshipped,  first  as  an  emblem  of  tlie  Deity,  but  afterwards 
as  himself  a  god. 

In  several  systems  of  philosophy  the  air  was  made  chief  of  the  ele- 
ments; from  it  the  other  three  proceeded,  and  from  all  four  the  world. 
Kandda,  who  founded  the  Nyaya  system  of  Hindu  philosophy,  at  a 
period  long  prior  to  the  rise  of  Greek  physical  thought,  taught  that  all 
material  substances  exist  first  as  atoms,  then  as  aggregates.  "When 
atoms  are  separated,  dissolution  of  the  world  takes  place;  at  its  reno- 
vation the  atoms  come  together  again  to  form  air,  then  fire,  next  water, 
afterwards  earth,  then  the  body  and  its  organs,  and  ultimately  the  whole 
world."*  The  distinguishing  feature  of  air,  he  tells  us,  is  its  being 
neither  hot  nor  cold;  it  possesses,  moreover,  "faculty  of  elasticity  and 
velocity." 

In  each  of  the  three  ancient  schools  of  Hindu  philosophy  a  fifth  ele- 
ment, the  "ether  occupying  space,"  was  introduced;  it  was  supposed 
to  be  the  vehicle  of  sound,  which  some  said  was  propagated  by  waves. 
It  is  difficult  to  understand  in  what  light  the  ether  was  viewed  by  the 
San'chya  and  Nyaya  schools,  but  according  to  the  Vedanta  (a  system 
which  followed  thatof  Kandda),  the  ether  was  air  at  rest,  and  the  "  air  "' 
wind  or  air  in  motion.  Ether  and  air,  we  are  told,  were  first  created 
by  Brahme,  and  fire,  water,  and  earth  produced  in  succession,  the  one 
*  Colebrook  "Philosophy  of  the  Hindus." 

Vol.  XLVIII.— Thied  Skries.— No.  1.— July,  1864.  8 
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from  the  other.  Thus  air  would  be  evolved  from  ether,  and  fire  from 
air. 

In  both  the  Nyaya  and  Vedanta  systems  fire  is  said  to  be  produced 
from  air,  and  this  idea  probably  arose  from  the  knowledge  of  the  ne- 
cessity of  air  to  fire.  The  first  fire  was  in  all  probability  produced  by 
the  friction  of  two  pieces  of  wood,  for  this  method  is  mentioned  in  the 
earliest  hymns  of  the  Rig  Veda,  the  oldest  book  in  the  world  next  to 
the  Pentateuch.  The  first  man  who  produced  fire  by  friction  must 
have  observed  how  the  ignited  wood  glowed  when  he  moved  it  quickly 
through  the  air,  or  when  the  air  blew  upon  it;  and,  in  order  to  convert 
the  first  produced  spark  into  a  flame,  he  would  in  future  blow  upon  it, 
for  since  wind  increased  the  energy  of  fire,  it  seemed  likely  that  the 
breath,  which  felt  like  wind,  would  also  increase  it ;  and  soon  a  reed 
tipped  with  metal  would  be  used  to  concentrate  the  breath  on  one  spot, 
in  cases  where  great  heat  was  required.  We  find  such  reeds  were  used 
by  the  Egyptian  workers  in  metal  as  early  as  the  time  of  Abraham;* 
they  were  afterwards  superseded  by  pointed  metal  tubes.  But  the  use 
of  a  mouth  blow-pipe  was  laborious,  and  it  could  not  be  used  for  large 
fires  or  smelting  operations;  hence  men  set  about  finding  something 
which  should  take  the  place  of  the  lungs,  and  in  their  search  they  were 
probably  helped  by  the  makers  of  leather  bottles;  for  these  latter  could 
not  fail  to  observe  that  when  a  bottle  was  squeezed  a  blast  of  air  rush- 
ed from  its  mouth,  and  by  making  a  hole  at  the  opposite  end  to  the 
mouth,  closing  this  ndien  the  bottle  was  compressed,  and  opening  it 
to  admit  the  air  before  a  second  compression,  a  tolerably  continuous 
blast  could  be  produced.  Hence  arose  the  invention  of  bellows.  These 
primitive  bellows  seem  to  have  been  improvedat  a  very  early  date  by  the 
Egyptians,  for  Sir  Gardiner  Wilkinson  believes  he  has  found  indications 
of  a  valve  by  which  air  was  admitted  to  the  bellows  as  early  as  the 
time  of  Moses. 

Let  us  next  turn  our  attention  to  the  ideas  of  some  of  the  Greek 
philosophers  in  reference  to  the  air. 

Anaximenes,  of  Miletus  (born  B.C.  529),  taught  that  tlie  air  was  the 
beginning  of  things,  from  which  every  thing  had  been  produced,  and 
into  which  every  thing  would  be  resolved.f  The  earth  was  a  trapezium 
supported  by  the  air. 

Air  when  rarefied  becomes  fire;  when  condensed, winds  and  clouds; 
more  condensed,  water;  and  condensed  to  its  greatest  extent,  earth  and 
stones. 

According  to  Plutarch,  Anaximenes  "called  the  contraction  and 
condensation  of  matter  cold;  the  laxity  and  rarity  thereof  heat." 

Anaxagoras  (born  B.C.  499)  held  that  the  earth  occupies  the  lowest 
place  among  the  elements,  fire  the  highest,  while  water  and  air  are 
midway  between  them.  Winds  are  produced  by  the  rarefaction  of  the 
air  by  the  sun's  heat.  Anaxagoras  maintained  that  there  was  no  va- 
cuum, for  although  in  a  blown  bladder  there  is  an  apparent  void,  yet 
if  we  press  it  the  resistance  proves  that  something  material  is  within. 

*Sir  G.  "Wilkinson's  "Manners  and  Customs  of  the  Ancient  Egyptians." 
t  Ritter's.  *'  History  of  Philosophy." 


Of  tlie  Nature  of  Air  prior  to  the  diteovery  of  Oxygen.  2  * 

The  early  nhvsicists  contented  themselves  with  uphol.ling  their  opin- 
ions byrlLning  alone,  and  seldom  resorted  to  experimental  proof, 
and  so  far  as  Mc^re  aware,  this  is  the  first  recorded  example  of  an 
experiment  ht-inj:  introduced  to  prove  an  assertion. 

Plato  (born  ^  u.c.)  propounded  a  theory  of  respiration  which  s 
worthy  of  notice.  -  We  breathe,"  he  says,  -after  tins  manner.  The 
External  air  compasseth  us  round  about,  and  passeth  m  at  our  mco^th 
no  uHs  and  invisible  pores  of  the  body,  where,  be.njwarmcd  itflo^- 
oth  back  again  to  the  external  air;  by  that  part  out  of  wh>ch  it  floweth 
it  -K^'in  thTusteth  the  external  air  to  the  interior.  Thus  there  is  an 
unintermitted  succession  of  inspiration  and  expiration.  ,    .    ^  ^ 

Zeno,  the  founder  of  the  Stoics  (born  B.C.  3G2,)  maintamed  that  fire 
is  present  cverv  where;  that  it  is  in  water  is  proved  by  the  fact  tha. 
vaUT  is  su.cep*tible  of  greater  cold.     "  It  is  conse<iuently  in  air  also 
that  being  a  vapor  extracted  from  water,  and  supplied  by  motion  of 
the  heat  which  is  in  the  water."  .    •    j-  •  i  j  •   *^  ♦i,,^^ 

Chrysippus,  a  follower  of  Zeno,  taught  that  air  is  divided  into  three 
reXns;the  highest,  next  to  the  sphere  of  the  moon  is  the  hottest  and 
uio^t  rarefied,  because  of  the  vicinity  of  fire  ;  the  middle  region  is  cold- 
est" and  in  it  winds  and  clouds  take  their  rise;  the  lowest  region  is 
thick,  on  account  of  the  exhalations  which  it  receives  from  the  earth. 
According  to  the  Stoics,  the  elemental  fire  when  condensed  becomes 
air-  further  condensed,  water;  water  rarefied  becomes  air;  c 
it  nroduces  earth.    Earth  is  the  centre  of  all;  it  is  surr  y 

Ifer  this  by  air,  and  the  air  by  fire.  The  Stoics  believed  that  sound 
is  air  set  in  motion,  and  spreading  its  circles,  like  those  which  are  pro- 
duced when  a  stone  is  thrown  into  water.  -pi  •  „  ..„,i 
Aristotle  (born  B.c  384)  wrote  a  number  of  treatises  on  rhvsics,  and 
the  theories  which  he  propounded,  and  the  explanations  which  he  gave 
of  various  phenomena,  were  almost  universally  admitted  till  the  time 
of  Galileo,  and  many  of  them  till  a  much  later  period  Galileo  was  the 
first  who  ventured  to  oppose  Aristotle's  philosophy  and  he  met  with  much 

opposition,  and  had  many  obstacles  to  overcome  before  he  could  induce 
philosophers  to  give  up  any  of  the  teachings  of  the  master  they  had 

60  long  followed.  ,  ,       j  .  i 

According  to  Aristotle t the  earth  is  a  sphere,  enclosed  by  a  ^pl'^^ 
of  water,  this  by  one  of  air,  and  the  air  by  fire.  There  is  a  fifth  cU- 
roent,  the  ether  reaching  as  far«6  the  moon,  but  also  contained  with- 
in livinn-  creatures,  for  vital  heat  is  not  actual  fire. 

Eacirof  the  four  elements  was  distingui-^^hed  by  two  properties,  and 
one  attribute  of  each  was  commoa  to  another  element  ;  thus:— 

Fire  is  hot  atui  dry. 

Air  is  hot  and  moist. 

^Vate^  is  cold  and  moist. 

Earth  is  cold  and  dry.  w  »i    »  •.      . 

Air  is  said  to  be  hot  and  moist  because  Aristotle  thought  that  it  was 

♦  St«nley"!=  *'  HUtorv  of  PhiloMiphy.  " 

fThe  works  of  Aristotle,  IransUtt-d  bv  Thomas  Taylor. 
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produced  from  water  by  heat,  and  this  was  believed  for  many  succeed- 
ing centuries. 

The  elements  were  capable  of  being  converted  the  one  into  the  other, 
if  (said  Aristotle)  the  dry  of  fire  is  vanquished  by  moist,  air  will  be 
produced  ;  if  the  hot  of  air  is  vanquished  by  cold,  water  will  be  gene- 
rated from  air;  so  fire  is  generated  from  air  and  earth,  for  "flame  is 
especially  fire,  but  flame  is  burning  smoke,  and  smoke  is  from  air  and 
earth." 

Aristotle  did  not  admit  Plato's  theory  of  respiration,  but  conceived 
that  air  is  received  into  the  heart  and  acts  by  cooling  the  blood.  Ani- 
mals are  suff'ocated  in  a  confined  space,  because  the  air  rapidly  becomes 
hot,  and  can  no  longer  cool  the  blood. 

There  is  no  vacuum.  Air  is  a  material  substance,  possessing  weight, 
and  every  where  present.  That  it  possesses  weight  is  proved  by  the 
fact  that  a  bladder  when  inflated  weighs  more  than  it  did  before  infla- 
tion. Simplicius,  a  philosopher  of  the  sixth  century,  the  commentator 
of  Aristotle's  works,  tells  us  that  Ptolemy,  the  mathematician,  states 
that  neither  water  nor  air  have  any  weight  "  in  their  own  places,"  by 
•which  we  suppose  he  means  air  weighed  in  air,  and  water  in  water. 
Ptolemy's  experiments  did  not  confirm  those  of  Aristotle,  for  he  found 
that  a  bladder  weighed  less  after  inflation  than  before. 

Simplicius,  from  the  most  accurate  experiments  he  was  able  to  make, 
found  that  an  inflated  bladder  weighed  the  same  as  before  inflation, 
and  adds  that  Aristotle  probably  filled  the  bladder  he  used  by  blowing 
into  it,  and  thus  introducing  very  moist  air. 

And  this  was  probably  the  case,  for  a  bladder  weighed  in  air  weighs 
the  same  before  inflation  with  air  as  after.  According  to  the  theorem  of 
Archimedes,  a  body  immersed  in  a  liquid  loses  a  portion  of  its  weight 
equal  to  the  weight  of  the  liquid  which  it  displaces  ;  hence  an  uninfla- 
ted  bladder  weighed  in  air  loses  a  weight  equal  to  the  weight  of  air 
which  it  displaces;  the  same  bladder  inflated  and  weighed  under  simi- 
lar conditions  loses  the  same  weight  as  before,  plus  the  weight  of  air 
which  the  air  within  it  displaces ;  but  the  air  it  contains  obviously  dis- 
places as  much  air  as  its  own  volume  occupies,  i.e.,  a  weight  of  air 
equal  to  its  own  weight ;  therefore  the  bladder  must  weigh  the  same 
whether  inflated  or  empty. 

The  principal  physical  properties  of  the  air  known  to  the  ancients, 
and  the  mechanical  contrivances  wliiph  Avork  by  means  of  rarefied  or 
compressed  air  are  given  us  by  Hero,  of  Alexandria. 

Hero,  who  flourished  about  (177  B.C.,)  was  the  author  of  a  treatise 
on  pneumatics,  which  is  believed  by  many  to  be  a  compilation  from 
older  works. 

We  must  all  admit,  he  says,  *  that  air  is  matter,  because  if  we  in- 
vert the  open  end  of  avessel  having  but  one  opening  in  water,  we  find  that 
the  water  does  not  enter,  but  if  a  hole  is  now  bored  in  the  upper  part 
of  the  vessel,  the  water  rushes  in  and  the  air  escapes,  as  may  be  felt, 
for  if  we  place  our  hand  over  the  orifice  we  perceive  a  rush  of  wind, 
which  is  moving  air. 

Hero  was  well  aware  of  the  elasticity  of  the  air,  for  he  tells  us,  there 
*  "  The  pneumatics  of  Hero,  of  Alexandria,"  translated  by  Bennett  "VYoodcroft. 
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are  void  spaces  between  the  particles  of  air,  just  as  there  is  air  between 
the  particles  of  sand  on  the  sea  shore  ;  when  the  air  suffers  compression 
the  particles  arc  forced  into  the  vacant  spaces,  and  when  the  pressure 
is  removed  they  return  a;^airi  to  their  former  position  on  account  of 
their  elasticity,  ju.st  as  horn  shavings  or  sponge  would  under  similar 
circumstances. 

In  speaking  of  tlic  way  in  which  cupping-glasses  act,  Hero  tell  U8 
tliat  the  fire  which  is  made  to  burn  within  them  consumes  and  rarefies 
the  air,  in  the  same  way  that  water  is  rarefied  by  fire  and  caused  to 
becouie  air. 

A  great  number  of  the  appliances  which  Ilcro  mentions  work  directly 
or  indirectly  by  means  of  a  siphon.  The  siphon  is  an  instrument  of 
very  ancient  invention.  Sir  (i.  Wilkinson  states  that  it  was  known  in 
Egypt  in  the  time  of  Amunoph  II.,  (u.C.  14o0.)  The  water  of  the  Nile 
is  nmddy,  and  it  is  necessary  to  allow  the  sediment  to  deposit  before 
drinking  it.  A  reed  was  sometimes  used  to  suck  out  the  supernatant 
fluid,  and  it  probably  happened  long  ages  ago  that  a  man  sucked  out 
the  water  by  a  bent  reed,  and  found  to  his  suprise  that  the  water  con- 
tinued to  run  after  the  sucking  had  ceased,  and  in  this  way  perhaps  the 
sij)hon  was  first  discovered.  The  name  sijdion  is  derived  from  an  ori- 
ental word  signifying  "  to  suck  out  with  the  breath." 

According  to  Hero,  a  liijuid  rises  in  one  leg  of  a  siphon  when  suction 
is  ajjplied  to  the  other,  because  when  we  have  sucked  out  the  air  we 
become  fuller  than  before,  pressure  is  exerted  on  the  air  near  us,  it  is 
communicated  to  the  li(juid  in  which  the  siphon  is  immersed,  and  com- 
j)els  it  to  rise  in  one  leg  of  the  instrument  to  fill  the  void  space  therein. 

Among  other  inventions,  we  find  that  of  a  water-jet  acting  by  com- 
pressed air.  A  strong  globe  of  metal  has  a  pipe  fitted  to  it,  reaching 
nearly  to  the  bottom  of  the  vessel,  and  terminating  above  in  a  jet,  ca- 
j)able  of  being  closed  or  opened  at  pleasure.  In  a  small  aperture  in  the 
globe  a  tube  containing  a  valve  opening  inwartls  is  placed;  a  solid 
plunger  works  in  the  tube,  by  which  air  is  forced  into  the  globe.  It  is 
obvi(jus  that  the  plunger  hail  to  be  removed  from  the  tube  after  each 
stroke,  to  allow  air  to  re-enter.  When  a  quantity  of  air  was  forced 
into  the  vessel  the  jet  was  opened,  ami  the  water  rose  to  a  considerable 
height.  The  valve  consisted  of  two  S(juare  pieces  of  bronze  about  three- 
fourths  of  an  inch  in  the  side,  the  surfaces  of  which  were  ground  &i) 
that  neither  air  ni>r  water  could  -ret  between  them  when  closed.  An 
orifice  one-third  of  an  inch  in  diameter  was  made  in  one  of  them,  and 
they  were  united  by  a  hinge. 

A  machine  for  raising  water  is  described  very  similar  to  our  modern 
fire-engine.  Two  cylinders  of  metal  open  above,  and  having  below 
spherical  metal  valves  opening  inwards,  are  placed  in  water.  From  the 
cylinders  j)rooeed  two  pipes,  which  communicate  with  a  third  vessel  by 
means  of  valves  opening  within  it.  To  this  vessel  a  long  pipe  is  fitted. 
The  cylinders  are  supplied  with  solid  plungers,  which  when  worked 
will  obviously  force  water  from  the  cistern  through  the  long  pipe. 

Under  the  title  of '' a  water-jet  actuated  by  compressed  air  from 
the  lujigs,"  Hero  mentions  an  arrangement  exactly  similar  to  an  ordi- 
nary wash  bottle,  except  as  regards  the  tubes,  which  are  both  vertical. 
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A  number  of  very  ingenious  contrivances,  worked  for  the  most  part 
by  compressed  air,  fill  up  a  great  part  of  Hero's  pneumatics.  Many 
of  these  are  of  no  practical  use,  but  remind  one  more  of  conjurors' 
tricks  than  of  mechanical  appliances.  Take  the  following  as  exam- 
ples : — 

"  A  steam  boiler,  from  which  either  a  hot  blast  may  be  driven  into 
the  fire,  a  black-bird  made  to  sing,  or  a  Triton  to  blow  a  horn." 

"  An  automaton,  the  head  of  which  continues  attached  to  the  body 

after  a  knife  has  entered  the  neck  at  one  side,  passed  completely  through 

it,  and  out  at  the  other.     The  animal  will  drink  immediately  after  the 

operation." 

(To  be  Continued.) 


dfonster  Steam  Hammer. 

From  the  Journal  of  the  Society  of  Arts,  No.  593. 

Messrs.  R.  and  W.Morrison,  of  Newcastle-on-Tyne,  have  just  forged 
what  is  believed  to  be  the  largest  and  most  powerful  steam  hammer  in 
the  world,  for  the  Russian  Government.  The  piston-rod,  to  which  the 
hammer  is  attached,  weighed  no  less  than  42  tons  in  its  rough  forged 
state,  and  now,  when  dressed  down  to  the  required  dimensions,  it  has 
only  been  reduced  to  35  tons.  The  length  of  the  piston-rod  is  38  ft., 
the  diameter  2  ft.  4  ins.,  having  a  stroke  of  14  ft.  6  ins.,  the  piston 
beinf  6  ft.  8  ins.  The  forging  of  this  mass  of  metal  occupied  44  days. 
The  cylinder  for  this  hammer  was  cast  at  the  Elswick  Engine  Works. 
Its  diameter  inside  is  G  ft.  8  ins.,  its  weight  upwards  of  40  tons.  The 
two  standards  weigh  nearly  40  tons  each. 


071  Artificial  Illumination.    By  Edward  FRA^^KLAND,  Esq.,  F.  R.  S. 

Ten  years  ago  the  speaker  gave  in  this  Institution  a  sketch  of  the 
condition  of  Artificial  Illumination.  Since  that  period  but  little  pro- 
gress had  been  made  towards  perfecting  those  processes  of  produc- 
ino-  artificial  light  at  that  time  in  general  use.  Nevertheless,  the  im- 
provements cfiected  in  the  production  and  application  of  the  electric 
light,  the  increase  of  our  knowledge  both  of  solar  and  terrestrial  light, 
and  especially  the  discovery  of  an  entirely  new  illuminating  agent, 
threatening  to  produce  a  revolution  in  lighting  almost  equal  to  that 
which  was  the  result  of  the  invention  of  gas — rendered  it  desirable 
again  to  review  this  subject  after  the  lapse  of  a  decade. 

In  glancing  at  the  improvements  eifected  in  the  different  departments 
of  artificial  illumination,  those  which  relate  to  the  electric  light  were 
first  noticed.  The  electric  light  is  produced  by  the  interruption  of  an 
electric  current  flowing  through  good  conductors ;  by  this  interruption 
the  current  is  made  to  leap  across  a  space  provided  in  its  circuit.  The 
boundaries  of  this  space,  in  the  ordinary  electric  light,  are  formed  by 
two  portions  of  gas  carbon,  and  during  the  passage  of  the  electric, 
current  across  it,  the  two  pieces  of  carbon  are  heated  to  a  most  intense 
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degree,  and  far  beyond  that  produced  by  any  other  means  at  our  dis- 
posal. The  ^reat  t-cource  of  illuminating  power  was  shown  to  be  the 
ignited  ends  of  these  two  pieces  of  gas  carbon,  and  not  the  space  be- 
tween them. 

Such  being  the  nature  of  tlie  electric  light,  the  principal  improve- 
ment which  has  been  effected  in  it,  during  the  past  ten  years,  consists 
in  the  production  of  the  electric  current  through  the  intervention  of 
heat  and  mechanical  force,  by  what  is  termed  magneto-electricity. 
More  than  thirty  years  ago,  Mr.  Faraday  produced  a  spark  from  the 
ordinary  permanent  magnet.  Here,  said  the  speaker  (producing  a 
magt)et)  is  the  very  cradle  of  this  magneto-electric  light,  and  this  is 
the  very  magnet  with  wliich  Mr.  Fara«lay  o[»erated.  This  improve- 
ment constitutes  one  of  the  greatest  stops  in  a<lvance  which  have  been 
made  in  the  application  and  production  of  the  electric  light.  By  the 
combustion  of  coal  a  certain  amount  of  mechanical  power  is  obtained, 
which  is  applied  to  the  rotation  of  masses  of  iron  in  the  neighborhood 
of  very  powerful  permanent  magnets.  In  this  way,  currents  of  elec- 
tricity are  produced,  and  these  are  thrown  together,  and  made  to  cir- 
culate through  a  system  of  conductors:  in  fact  there  is  no  difference, 
as  regards  the  effect  at  the  carbon-prisms,  between  the  action  of  this 
magneto-electric  current,  and  the  ordinary  electric  current  produced 
by  tire  chemical  action  which  takes  place  in  the  voltaic  battery.  But 
this  improved  mode  of  producing  the  electric  force  demands  less  manual 
labor;  the  mechanical  work  being  performed  by  a  steam  engine,  which 
causes  the  rotation  of  tlie  armatures. 

This  magneto-electric  apparatus,  as  perfected  by  Mr.  Holmes,  has 
now  been  in  use  for^ipwards  of  two  years  in  the  South  Foreland  and 
Dungeness  lighthouses,  where,  as  well  as  in  other  similar  beacons, 
the  [»rodiiction  of  a  liglit  of  the  greatest  intensity  is  of  the  greatest 
imf>ortance  to  the  mariner.  During  this  time  it  has  performed  its 
office  remarkably  well,  and  without  a  single  instance  of  failure;  thus 
proving  itself  well  adaptcil  for  the  purposes  of  lighthouse  illuunnation. 

For  domestic  light  it  has  not  yet  been  brought  into  use;  its  expense, 
doubtless,  at  the  present  moment,  being  far  too  great  to  admit  of  its 
being  employed  in  this  way:  but  where  a  liglit  of  great  intensity,  rc- 
ganlless  almost  of  the  question  of  expense,  is  required,  as  in  the  case 
of  lighthouses,  this  magneto-electric  light  can  scarcely  be  too  much 
prized. 

The  speaker  also  described  the  mercurial  electric  light,  but  con- 
sidered it  inferior  both  in  brilliancy  and  steadiness  to  that  procured  by 
the  passage  of  the  electric  current  between  carbon  terminals. 

The  discoveries  and  improvements  connected  with  gas  as  an  illumi- 
nating agent  were  then  considered.  It  is  of  great  importance  that  gas, 
as  a  light-giving  material,  should  be  improved  to  the  utmost  possible 
extent,  so  as  to  make  it  a  perfect  source  of  light.  Its  conveniences 
are  so  patent  to  every  one,  its  use  is  attended  with  so  few  discomforts, 
and  the  light  is  obtaineil  with  such  facility,  and  of  any  desired  inten- 
sity within  certain  limits,  that  there  is,  perhaps,  no  source  of  artificial 
light  capable  of  such  general  application.     Nevertheless,  this  is  one 


32  Mechanics,  Physics,  and  Chemistry. 

of  the  modes  of  illumination  which,  having  been  long  previously  in  use, 
have  not  made  great  progress  during  the  past  ten  years.  The  sulphur 
compounds,  which  at  the  commencement  of  that  time  were  complained 
of  as  being  present  in  purified  gas,  are  still  there  in  considerable,  if 
not  in  undiminished  quantity,  although  there  has  recently  been  a  pro- 
cess devised  by  means  of  which  these  impurities  can  be,  to  a  great  ex- 
tent, got  rid  of.  It  remains  to  be  seen  whether  this  process  be  appli- 
cable, on  a  large  scale,  in  the  gas  manufactory;  but,  so  far  as  can  be 
judged  from  experiments  made  upon  a  small  scale,  it  is  a  process  which 
is  likely  to  be  very  effective.  It  is  the  invention  of  the  Rev.  Mr. 
Bowditch,  of  Wakefield.  These  sulphur  compounds  are  irremovable 
in  the  ordinary  process  of  purification.  The  gas  may  be  passed  in 
the  usual  manner  over  hydrate  of  lime,  or  the  peroxide  of  iron  ;  but 
this  operation  does  not,  in  the  slightest  degree,  affect  the  sulphur  com- 
pounds in  question.  During  the  combustion  of  the  gas,  however,  their 
sulphur  is  converted  into  sulphurous  acid,  which  diffuses  itself  into  the 
apartment  in  which  the  gas  is  burned,  and  a  great  deal  of  the  discom- 
fort of  which  many  complain  in  the  use  of  gas  is  due  to  this  cause. 
Mr.  Bowditch  discovered  that  though  cold  hydrate  of  lime  will  not  re- 
move these  impurities,  they  are  to  a  great  extent  got  rid  of  by  heating 
the  hydrate  of  lime  to  a  temperature  varying  from  the  boiling  point 
of  water  up  to  400°  or  500°  Fahr.,  a  temperature  of  400°  being  the 
most  convenient  for  the  development  of  the  efi'ects  of  his  process.  Tlie 
heated  hydrate  of  lime  converts  the  sulphur  compounds  into  sulphu- 
retted hydrogen  and  carbonic  acid,  which  can  then  be  removed  by  the 
ordinary  purifying  material — cold  hydrate  of  lime.  This  process  has 
been  found  by  repeated  experiments  to  remove^U  but  about  2  or  3 
grains  of  sulphur  per  100  cubic  feet  of  gas,  the  quantity  of  sulphur 
originally  contained  in  the  gas  varying  from  5  or  6  grains  up  to  20 
grains  in  100  cubic  feet.  Heated  hydrate  of  lime  was  shown  to  de- 
velop sulphuretted  hydrogen  from  the  gas  supplied  to  the  Institution. 
Another  recently  ascertained  fact  in  connexion  with  gas  is  the  dis- 
covery of  a  new  illuminating  constituent  recently  made  by  M.  Berthe- 
lot.  This  is  a  gaseous  body,  called  acetylene,  which  is  produced  under 
very  peculiar  circumstances.  Unlike  all  other  hydrocarbons  with  which 
"we  were  formerly  acquainted,  an  intense  heat  is  favorable  to  the  pro- 
duction of  this  body.  For  instance,  it  is  produced  when  coke  is  very 
intensely  ignited  in  hydrogen  gas ;  and  Dr.  Odling  has  recently  demon- 
strated that  two  of  the  constituents  of  coal-gas,  light  carburetted  hy- 
drogen and  carbonic  oxide,  which  are  useless  for  lighting  purposes, 
ma}^  by  means  of  strong  ignition,  be  made  to  form  acetylene,  and  thus 
become  luminiferous  agents.  It  has  generally  been  considered  import- 
ant to  preserve  a  moderate  degree  of  heat  in  gas-making  in  order  to 
prevent  the  destruction  of  the  luminiferous  hydrocarbons;  but  the  dis- 
covery of  the  formation  of  acetylene,  under  the  circumstances  named, 
will  render  it  necessary  to  investigate  how  far  the  production  of  this 
substance  can  be  carried  on  upon  a  large  scale,  and  rendered  valuable 
for  increasing  the  illuminating  power  of  gas.  The  subject  is  yet  in  em- 
bryo; but  it  has  an  important  bearing  upon  the  future  progress  of  gas- 
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lightin;;.  Acetylene  and  defiant  gas  contain,  in  equal  volumes,  the 
same  amount  ot"  carbon,  but  the  former  contains  only  half  as  niudi 
hydrogen  as  the  latter  ;  consecjuently,  the  ilhiminating  power  of  acety- 
lene id  probably  at  leas>t  double  that  of  olefiant  gas. 

The  compound  of  acetylene  with  copper,  is  a  substance  not  altogether 
■  devoid  of  interest  to  the  gas  manufacturer.  When  it  attains  a  certain 
heat,  it  explodes  with  considerable  violence,  and  the  same  effect  may 
be  produced  by  friction.  It  has  been  demonstrated  recently,  that 
acctylide  of  copper  can  be  produced  by  the  passage  of  ordinary  coal- 
gas,  containing,  as  it  does,  a  trace  of  ammonia,  through  copper  or 
brass  tubes;  ami  explosions  which  have  taken  place  through  cleaning 
out  such  tubes,  resulting  in  serious  injury  to  workmen,  have  been 
doubtless  due  to  the  j)resence  of  this  substance.  It  is,  of  course,  ob- 
vious that  an  explosion  of  this  kind,  even  if  slight  in  itself,  niay  be 
communicated  to  explosive  mixtures  of  gas  and  air  (in  a  gas-holder  or 
gas-meter,  for  instance),  and  may  thus  lead  to  very  disastrous  results. 
An  explosion  of  this  kind  occurred  a  few  years  ago  in  Lancashire.  A 
largo  meter  had  been  detached,  and  brought  into  the  open  air  ;  a  work- 
man was  unscrewing  one  of  the  brass  connexions,  when  the  metir  ex- 
])lo(k'd  witli  a  loud  report.  The  exi)losion  could  not  be  accounted  for, 
as  all  the  eye-witnesses  were  positive  that  no  ignited  body  of  any  kind 
"Was  near  the  meter. 

The  improvements  effected  in  the  production  and  application  of  oils 
for  illuminating  purposes  were  next  referred  to. 

Till'  animal  and  vegetable  oils,  which  for  aijes  have  been  employed 
for  this  purpose,  have  received  no  development  of  importance  during 
the  last  ten  years.  On  the  other  hand,  new  sources  of  this  class  of 
illununants  have  been  discovered,  which  threaten  to  produce  a  great 
revolution  in  the  modes  of  obtaining  artificial  light. 

Uneof  the  most  important  of  tlie  materials  manufactured  from  these 
sources  is  pariflin  oil,  the  production  of  which  from  bog  co:il  has 
been  carried  out  on  an  immense  scale  with  great  ingenuity  and  suc- 
cess by  Mr.  Young,  of  Bathgate,  near  Edinburgh.  [The  speaker 
here  exhibited  several  lamps  fed  with  this  oil.]  This  new  source  of 
light  is  h(;wever  already  threatened  by  a  formidable  rival — native  coal 
oil  —  which  has  been  distilled  by  nature  herself,  and  consequently  does 
not  re(iuire  those  preliminary  processes  which  oil  produced  from  bitu- 
minous coal  has  to  undergo.  These  discoveries  have  been  made  prin- 
cipally in  the  United  States  of  America,  and  more  especially  in  Canada. 
In  the  latter  country  alone  no  less  than  twenty  millions  of  gallons  of 
tliis  oil  have  been  obtained  from  wells,  several  of  which  are  spouting- 
wells.  From  these  the  oil  rises,  probably  from  the  pressure  of  gas, 
to  a  considerable  height  above  the  surface  of  the  ground,  so  as  not 
to  recjuire  pumping.  The  twenty  millions  of  gallons,  which  represent 
the  annual  protluction  of  the  Canadian  wells,  tnay.  upon  a  moderate 
calculation,  be  said  to  furnish,  in  refine(l  oil  alone,  illuminating  ma- 
terial e([ual  to  one  hundred  and  eighty  millions  of  pountls  of  sperm 
can<lles. 

The  importance  of  such  a  vast  amount  of  illuminating  material  so 
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cheaply  obtained  can  scarcely  be  overrated  in  connexion  with  the 
question  of  the  production  of  artificial  light.  Up  to  the  present  time, 
the  refined  oil  from  this  crude  petroleum  (specimens  of  which  were 
exhibited)  has  been  prevented  from  coming  into  effective  competition 
with  the  original  parafiin  oil,  owing  to  the  carelessness  with  which  the 
former  has  been  manufactured.  There  is  a  considerable  portion  of 
light  naphtha  left  in  this  oil,  which  renders  it  capable  of  forming  ex- 
plosive mixtures  in  the  lamps  wherein  it  is  burned.  Both  these  Ameri- 
can oils  require  to  be  still  further  freed  from  volatile  naphtha.  They 
would  then  form  valuable  illuminating  materials. 

The  speaker  then  directed  attention  to  the  following  tables.  The 
first  contains  the  results  of  his  experiments  on  the  illuminating  effect 
of  these  oils  in  connexion  with  that  of  some  other  materials  used  for 
giving  artificial  light : — 

Illuminating  EqidvaleJits,  or  ihe  Quantities  of  different  Illuminating  Materials  ne- 
cessary to  Produce  the  same  amount  of  Light. 


Young's  Paraffin  oil, 
American  rock  oil,  Xo.  1, 
do.  Ko.  2, 

Paraffin  candles, 
Sperm        do. 
VS'ax  do. 

Stearic  do. 
Composite  do. 
Tallow, 


1 

1-2G 
1-30 
18-6 
22-9 
26 -t 
27-6 
2'.) -5 
3G 


gallon. 


lbs. 


From  this  table  was  made  the  following  calculation  of  the  compa- 
rative cost,  from  different  sources,  of  the  liglit  of  twenty  spermaceti 
candles,  each  burning  for  ten  hours,  at  the  rate  of  120  grains  per 
hour  : — 


"U'ax, 

Spermaccli, 
Tallow, 
Sperm  oil, 
Coal  gas, 
Cannel  gas, 


7  2.V 

6  8" 

2  8 

1  10 

0  4^ 

0  3 


Paraffin, 
Paraffin  oil, 
Kock  oil. 


3  10 
0  5 
0     GJ 


Thus,  from  an  economical  point  of  view,  the  rock  oil  and  the  paraf- 
fin oil  approach  gas  much  more  closely  than  any  other  illuminating 
agent  hitherto  invented;  while  the  enormous  quantities  in  which  these 
oils  are  now  being  produced  cannot  fail  to  make  them  still  lower  in 
price.  They  may  consequently  be  regarded  as  very  formidable  rivals 
of  gas-light. 

The  foUowinji  table  contains  the  amount  of  carbonic  acid  and  heat 


Carbonic  acid. 

Tallow, 

101 

cubic  feet 

Kpcniiaceti,    ) 
Wax.               > 

8-3 

ParrtHin, 

67 

Coiil  gng, 

5() 

(-antif'l  gax. 

iO 

PiiraHiii  oil,  ) 
Kock  oil,       i 

30 

On  Artificial  Illumination.  Zf> 

generated  per  hour  by  various  illuminating  agents,  each  giving  the 
light  of  twenty  sperm  candles  : — 

Heat, 
100 

fiO 
47 
3.i 

•-:y 

This  table  shows  to  what  extent  the  atmosphere  of  rooms  is  deterio- 
rated by  these  illuminating  agents.  It  shows  also  that,  from  this 
point  of  view,  paraffin  and  rock  oils  stand  out  as  the  best  sources  of 
light. 

The  chemical  and  physical  laws  upon  which  all  modes  of  artificial 
illumination  depend  were  then  referred  to.  Every  method  of  artificial 
illumination  depends  upon  the  heating  of  certain  bodies  to  such  a  tem- 
j)erature  tnat  they  become  iiicandesceut.  With  gases  this  temperature 
is  much  higher  than  witli  liquids  or  solids.  There  is  only  one  instance 
in  whicli  the  incandescence  of  vapor  is  used,  and  that  is  the  mercurial 
electric  light,  already  alluded  to.  In  all  other  cases  the  incandescence 
of  solid  hollies  is  employed.  In  the  ordinary  method  of  obuiining  the 
electric  light,  the  ineandescence  of  solid  prisms  of  carbon  is  the  source 
of  luminosity.  In  gas  and  oil  flames,  it  is  the  incandescence  of  little 
particles  of  carbon,  and  in  all  tiiese  cases  the  light  is  produced  from 
solid  matter.  The  luminosity  of  any  llame  depends,  first,  upon  tho 
number  of  solid  particles  which  exist  in  it  at  any  given  moment;  and, 
secondly,  upon  the  temperature  of  the  flame.  The  number  of  solid  par- 
ticles is  dependent  upon  the  nature  of  the  flame  itself,  whether  it  be  a 
flame  produced  by  the  burning  of  bodies  rich  in  hydrocarbons,  or 
by  the  burning  of  bodies  which  are  poorer  in  this  respect.  Such  a 
flame  is  always  aftected  by  the  pressure  of  the  atmosphere.  The  higher 
the  pressure  of  the  air,  the  greater  the  number  of  luminous  particles 
of  carbon  present  at  one  time  in  the  flame.  If,  after  the  barometer 
has  been  standing  at  30  inches,  it  falls  to  20  inches,  the  light  of  all 
flames  is  reduced  to  the  extent  of  about  5  per  cent.  The  teuiperature, 
upon  which  the  luminosity  of  a  flame  also  depends,  may  be  increased 
by  heating  both  the  gas  and  the  air  supplied  to  it  for  combustion,  be- 
fore they  are  brought  together  to  be  burned. 

The  speaker  exhibited  a  gas  lamj)  which  he  had  constructed  to  effect 
this  object.  It  consisted  of  an  ordinary  Argand  burner,  with  glass 
chimney,  but  furnisheiiwith  an  outer  glass  cylinder  resting  upon  a  solid 
plate  of  glass,  through  the  centre  of  which  the  tube  supplying  the  gas 
rose.  Thus  all  the  air  supplied  to  the  flame  was  compelled  to  pass  duwn 
between  the  chimney  ami  outer  cylinder,  becoming  thereby  strongly 
heated  before  it  reached  the  flame,  whilst  considerable  heat  was  also 
imparted  to  the  gas  before  the  latter  issued  from  the  burner.  In  this 
manner  a  great  increase  of  light,  with  the  same  consumption  of  gas,  was 
obtained. 


Kate  of  consump- 

Illuminating 

tion  per 

hour. 

power. 

,    f  3-3  cubic  feet, 

13 

Sperm  candles. 

^  \  3-7 

15-5 

U-2 

17 

'  '2-'2 

13 

'J-(J 

1:3-5 

-  2-7 

l(i-7 

3-0 

19 -7 

3-3 

-•1-7 
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The  following  table  was  exhibited,  showing  the  effect  of  this  hot  air 
gas-burner  in  reducing  the  consumption  of  gas  for  a  given  amount  of 
light,  and  thereby  also  the  impurities  and  heat  which  are  thrown  into 
the  atmosphere  in  which  such  a  lamp  is  burned : — 


Argand  burner  supplied 
with  cold  air, 


Same  burner  supplied 
with  hot  air. 


For  an  equal  amount  of  light,  the  saving  of  gas  ^33  per  cent.  For 
an  equal  consumption  of  gas,  the  gain  in  light  =  62  per  cent. 

The  temperature  necessary  to  render  substances  incandescent  may 
be  imparted  to  them  in  various  ways.  It  may  be  given  directly  by 
mechanical  power,  as  in  the  "steel  mill,"  formerly  used  in  coal  mines. 
Usually,  however,  chemical  action  is  emploj'ed,  as  in  gas,  candle,  and 
oil  flames;  or  electricity  is  used,  as  in  the  various  forms  of  electric 

The  conditions  necessary  for  a  good  and  satisfactory  artificial  light 
were  now  examined.  In  the  first  place,  the  light  should  contain  all 
colors;  that  is,  it  should  be  capable  of  showing  every  variety  of  tint 
which  will  be  exposed  to  it.  This  is  the  case  with  the  carbon  electric 
light,  and  that  candle,  oil,  and  gas  flames,  since  the  light  from  these 
sources  contains  all  the  colors  of  the  spectrum.  But  there  are  many 
colors  which  the  mercurial  electric  light  is  incapable  of  showing,  since 
they  are  absent  from  its  spectrum.  It  was  also  shown  that  all  pure 
colors,  except  yellow,  were  perfectly  black,  when  seen  by  the  light  of 
incandescent  sodium  vapor. 

Solar  light,  although  in  so  many  respects  superior  to  artificial  light, 
is  defective  as  regards  the  showing  of  colors.  There  are  certain  co- 
lors which  cannot  be  seen  by  solar  light — for  instance,  all  the  color 
which  can  be  seen  by  the  sodium  flame  is  quite  invisible  in  daylight. 
If  a  pigment  could  be  made  of  such  a  yellow  color  as  to  be  of  exactly 
the  shade  of  that  produced  by  the  sodium  flame  it  would  be  absolutely 
black  in  solar  light.  But  our  pigments  are  all  mixed  colors,  and  no 
such  pigment  which  thus  entirely  disappears  in  the  light  of  the  sun  is 
known.  But  in  addition  to  this  tint  of  the  sodium  flame,  there  are 
hundreds  of  other  tints  which  are  also  not  present  in  the  solar  spec- 
trum, and  which  are  consequently  invisible  in  daylight. 

Although  solar  light  is  inferior  to  artificial  light  in  the  complete- 
ness of  its  colors,  yet,  in  another  respect — in  the  comparatively  small 
amount  of  heat  which  accompanies  its  rays  in  proportion  to  the  light 
itself — it  is  greatly  superior  to  every  sort  of  artificial  light.  The  great 
amount  of  heat  in  our  artificial  lights  is  absolutely  useless.  It  is  nearly 
all  intercepted  by  the  humors  of  the  eye  before  it  reaches  the  retina, 
and,  no  doubt,  produces  that  irksomeness  "which  is  felt  after  working 
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in  artificial  li;;ht  for  anj  considerable  time,  and  which  is  not  experi- 
enced from  daylight. 

The  speaker  concluded  as  follows: — The  history  of  artificial  illumi- 
nation cannot  fail  to  impress  upon  us  the  difhcultics  in  the  way  of  the 
application  of  scientific  discovery  to  the  utilities  of  life.  How  long 
was  it  after  the  discovery  of  the  pro<luction  of  gas  from  coal,  before  a 
manufacturer  could  be  found  to  bring  it  into  actual  operation  ?  Tliirtv 
years  ago  working  in  his  laboratory  at  Liansko,  lleichcnbach  showed 
ns  tiie  process  by  wliich  we  could  obtain  paratlin  and  paralhn  oil  from 
bituminous  coal;  but  tiie  discovery  remained  unheeded  for  twenty 
years.  More  than  thirty  years  ago,  Mr.  Faraday  pointed  out  a  source 
of  the  electric  light  in  the  permanent  magnet ;  but  we  are  only  now 
beginning  to  use  it  for  illuminating  purposes.  The  brilliant  little 
spark  was  long  looked  upon  as  a  mere  scientific  curiosity,  and  is  onlv 
now  beginning  to  Hash  across  the  sea,  guiding  the  mariner  saftdy  into 
harbor,  or  warning  him  from  approaching  a  dangerous  coast.  How 
long  will  thermoelectricity  have  to  wait  before  it  receives  a  similar 
application?  In  thermo-electricity  we  have  a  direct  transformation  of 
the  ftjrce  of  heat  wliich  we  obtain  with  such  great  economy  from  coal, 
into  an  electric  current,  and  this,  by  further  education  and  develop- 
ment, might  be  rendered  available  in  the  production  of  the  electric  light. 
Hitherto,  its  application  in  this  direction  has  been  altogether  unheeded, 
and  yet  of  all  sources  of  the  power  necessary  for  tlie  electric  light, 
thermo-electricity  evokes  this  power  most  directly  from  coal.  In  the 
magneto-electric  light  we  have  the  great  disadvantage,  that  the  heat 
of  burning  coal  must  be  first  transformetl  into  mechanical  power,  which 
is  made  to  rotate  the  armatures  of  magnets,  and  thus  produce  the  ne- 
cessary electric  current.  In  this  transformation  of  heat  into  mechani- 
cal power  there  is  no  less  than  Z-*,,  ths  of  the  original  force  in  the  coal 
absolutely  loft.  Hence  the  advantage  which  would  result  from  the 
direct  application  of  heat  to  the  production  of  the  electric  current. 

The  nmn  of  science  rejoices  in  the  discovery  of  truth  for  its  own 
sake.  He  gives  his  results  freely  to  the  world.  It  is  no  part  of  his 
duty,  it  is  not  his  function,  to  apply  those  truths  to  the  utilities  of  life. 
Success  in  this  direction  demands  quite  different  |)uwers  of  mind. 
Those  who  possess  these  powers,  ought  also  to  acijuire  the  necessary 
knowledge  which  would  enable  them,  with  more  facility,  to  seize  upon 
the  discoveries  of  science,  and  apply  them  to  the  wants  of  every  day 
life.  This  scientific  knowledge  is  the  link  which,  up  to  the  present 
time,  has  so  sadly  failed  in  the  application  of  science  to  the  manufac- 
turing arts. 

Pr«c.  RoytX  Itft^  Itl.  13,  looX 

Xfw  Maximum  Thermometer. 

From  Ihe  Journal  of  the  Society  of  ArU,  No.  ^«3. 

The  novelty  in  this  thermometer  consists  in  the  addition,  near  the 
bulb,  of  a  smiiU  tube  at  right  angles  to  the  tube  of  the  thermometer, 
and  in  connexion  with  the  bore ;  and  when  the  thermometer  is  placed  ho- 
rizontally, this  tube  stands  perpendicularly  above  it.     On  an  increase 
Vol.  XLVIII.— TuiKD  Skriks.— No.  1. — Jvlv,  lbC4.  i 
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of  temperature  taking  place,  the  mercury  will  rise  in  the  small  bore,  as 
in  an  ordinary  thermometer ;  but  on  the  temperature  decreasing,  in- 
stead of  receding,  in  the  small  bore,  as  in  an  ordinary  thermometer, 
the  mercury  in  the  bulb,  on  contracting,  draws  with  it  the  mercury 
from  the  small  side  tube,  and  then  the  column  of  mercury  in  the  small 
bore  registers  the  maximum  temperature.  To  reset  the  thermometer  for 
future  observation,  lower  the  end  near  the  bulb,  and  allow  the  mercury 
to  fall  until  it  fills  the  small  tube  at  the  side,  then  the  thermometer 
shows  the  temperature  at  the  time,  and  is  set  for  future  observation. 


Description  of  the  Harrison  Cast  Iron  Boiler. 

From  the  Londoo  Ensineer,  May,  1864. 

The  boiler  about  to  be  described  has  been  constructed  with  refer- 
ence to  the  foregoing  considerations.    It  was  the  object  of  the  inventor, 
Mr.  Joseph  Harrison,  of  Philadelphia,  U.S.,  to  provide  great  strength 
against  bursting,  and  to  obtain,  also,  a  large  extent  of  heating  surface 
in  proportion  to  the  weight  and  external  dimensions  of  the  boiler.    It 
was   important,  moreover,  to  obtain  perfect  circulation  for  the  water. 
An  experience  of  several  years  in  America,  and  for  upwards  of  two 
years  in  London  and  Manchester — in  one  case  with  a  boiler  supplying 
steam  to  the  extent  of  2U0   indicated  horse-power — has  proved  that 
these  objects,  as  well   as  other  important  advantages,  have  been  se- 
cured.    It  will  not  be  necessary  to  describe  now  the  forms  which  the 
parts  of  the  boiler  received  in  the  earlier  experiments,  several  years 
ago,  but  these  led  to  the  adoption  of  hollow  cast  iron  spheres,  connect- 
ed by  hollow  necks,  and  secured  together  by  bolts,  as  shown  in  longi- 
tudinal elevation  in  Plate  II.     Each  of  the  castings  includes  four 
spheres,  each  8  ins.  in  external  diameter,  §in.  thick,  and  connected 
by  necks  of   3  ins.    opening.     Each  of   these   castings  is   called  a 
"unit."     Each  "unit"  of  four  spheres  has  eight  openings,  3  ins.  in 
internal  diamater,  the  edges  of  these  openings  being  faced  up  to  a 
true  surface,  so  as  to  bear  fairly  upon  the  corresponding  faced  surfaces 
of  the  adjoining  "units."     Each  joint  has  a  shoulder  and  socket,  so  as 
to  "steady"  the  units  in  their  place,  and  steam  tight  caps  are  provid- 
ed to  cover  the   external   openings,  while  the  whole  series  of  units, 
forming  a  slab  of  rectangular  or  other  form  are  held  together  by  bolts 
of  l^ins.  diameter;  these  bolts  passing  inside  the  "units"  and  through 
the  water  or  steam  which  they  contain.     Although  the  arrangement 
is  simple,  it  will  be  better  understood  from  the  drawings,  and  from  the 
units  exhibited  to  the  meeting,  than  from  a  purely  literal  description. 
Each  slab,  of  whatever  number  of  units  it  may  be  formed  may  be  re- 
garded as  a  separate  vessel,  throughout  which  the  water  or  steam  can 
circulate  freely,  both  vertically  and  longitudinally.     Any  number  of 
slabs  may  be  placed  side  by  side,  in  the  same  fire  place,  and  they  are 
connected  together  by  a  feed  water  pipe  at  the  bottom  and  by  a  steam 
pipe  at  the  top.  There  are  eight  slabs  in  the  width  of  the  boiler  shown  in 
end  elevation.     The  water  level  is  usually  maintained  so  that  about 
two-thirds  of  the  whole  number  of  spheres  will  be  constantly  filled  witk 
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■water,  the  rcinaining  spheres  forminf»  a  steam  space.  The  full  force 
of  the  heat  is  not  allowed  to  come  upon  those  of  the  spheres  which 
contain  only  steam,  but  small  fire-brick  screens  are  so  placed  between 
the  slabs  a  little  below  the  water  level,  as  to  confine  the  direct  action 
of  the  heat  chiefly  to  the  spheres  filled  with  water.  The  upper 
spheres  arc  at  the  same  time  enveloped  in  an  atmosphere  so  hot  as  to 
insure  the  complete  dryinp  of  the  steam.  The  slabs  are  fixed  with  an 
amount  of  inclination,  in  the  direction  of  their  length,  sufficient  to  in- 
sure the  complete  drainage  of  all  the  spheres  when  the  boiler  is  blown 
out.  This  inclination  serves,  at  the  same  time,  to  bring  the  largest 
body  of  water  to  where  the  action  of  the  heat  is  most  direct,  and  f* 
provide  the  largest  steam  space  over  that  part  of  the  boiler  where 
ebullition  is  probably  least  active.  The  earlier  experiments  have  shown 
that,  although  the  "units"  may  be  bolted  together  into  slabs  of  a  total 
length  of  even  liOft.,  a  length  of  Oft.  is  preferable,  as  the  strain  upon 
the  bolts  is  correspondingly  less,  and  as,  in  the  latter  case,  there  if 
no  observable  tendency  to  sag,  the  complete  tightness  of  the  joints  is 
thereby  insured. 

The  spheres  weigh  each,  about  22^  lbs.,  a  ''unit"  of  four  spheres 
weighing  rather  more  than  3  cwt.  Thus  there  arc  as  nearly  as  may 
be,  one  hundred  spheres  to  the  ton,  and  it  has  been  the  habit,  thus 
far  to  rate  the  boilers  by  their  weight,  as  a  4-ton  boiler,  an  18-ton 
boiler,  &c.  The  nominal  horse-power  of  the  cast  iron  boiler  may  be 
generally  taken  as  three  times  its  weight  in  tons.  Thus  a  10-ton 
boiler  may  be  rated  as  of  30  nominal  horse-power,  and  from  experi- 
ments it  appears  that  a  boiler  of  this  weight  may  be  counted  upon  to 
evaporate  40  cubic  feet  of  water  per  hour,  corresponding  to  about  80 
indicated  horse-power.  Each  sphere  contains  seven  pints  of  water,  a 
"unit"  of  four  spheres  containing  3^  gallons.  The  external  surface 
of  each  spliere  is  rather  more  than  ]|  square  feet,  and  the  internal 
surface  a  little  more  than  1^  square  feet.  In  round  numbers  it  may  be 
said  that  each  sphere  presents  a  square  foot  of  heating  surface,  and 
contains  a  gallon  of  water ;  while  a  ton  of  one  hundred  spheres  re- 
presents three  nominal  horse-power,  the  proportion  of  weight  to  power 
being  about  the  san)e  as  in  Ijancasjiire  boilers  of  the  ordinary  tyjio. 

It  cannot  be  said  that  cast  iron  is,  itself,  a  strong  material  for  boilers, 
yet  it  will  appear  that,  in  the  f»»rin  already  described,  it  afl'ords  greater 
absolute  strength  against  bursting  than  is  possessed  by  any  form  of 
plate-iron  boiler  now  in  use.  The  "units"  are  cast  upon  green  sand 
cores  so  placed  that  they  cannot  alter  their  position  in  the  flasks  by 
any  force  short  of  what  would  be  suflieient  to  crush  them  to  pieces. 
The  thickness  of  metal  in  the  spheres  is,  therefore,  every  where  uni- 
form, as  has  been  proved  by  breaking  great  numbers  of  "units"  taken 
at  rantlom.  In  a  unit  of  four  spheres,  each  sphere  having  an  internal 
diameter  of  T^ins,,  the  whole  area  of  the  ]»lane  in  which  a  bursting 
pressure  would  act,  is  220  square  inches,  while  the  least  section  of  iron 
resisting  this  pressure,  in  the  same  plane,  is  27 i  scjuaro  inches.  The 
iron  employed  is  an  equal  mixture  of  (Ilcngarnoek,  Carnbroe,  and 
scrap,  a  mixture  selected  for  its  free  running  quality,  and  which  is 
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much  used  for  small  machinery  castings.  Its  tensile  strength  maybe 
safely  taken  at  5|  tons  per  square  inch.  At  this  rate  the  bursting 
strength  of  the  units  would  be  1540  lbs.,  or  nearly  14  cwt.  per  square 
inch.  The  first  experiments  actually  made  to  test  the  bursting 
strength  of  the  units  was  made  upwards  of  two  years  ago,  in  Brussels, 
at  the  request  of  the  Belgian  Minister  of  Public  Works.  In  this  case 
a  pressure  of  98  atmospheres,  or  1440  lbs.  per  square  inch  was  applied. 
This  was  as  high  as  the  force  pump  employed  could  go,  but  the  spheres 
were  not  burst.  When  recently  in  Manchester,  the  author  desired  that 
a  further  series  of  experiments  might  be  made  with  the  same  object. 
The  arrangements  for  this  purpose  could  not  be  completed  before  he 
was  compelled  to  return  to  London,  but  Mr.  Beyer  kindly  allowed  the 
experiments  to  be  made  at  the  Gorton  Foundry,  and  he  deputed  Mr.  R. 
H.  Burnett,  then  engaged  in  that  establishment,  but  who  is  now  Loco- 
motive Superintendent  of  the  Metropolitan  Hallway,  to  conduct  them. 
The  first  of  these  experiments  need  not  be  recorded,  as  it  was  made 
with  a  hydraulic  press  gauge  registering  up  to  4  tons  per  square  inch, 
but  which  was  subsequently  found  to  be  most  incorrect.  A  high  pres- 
sure gauge  of  Schaffer  and  Budenberg's,  graduated  to  1000  lbs.  was 
then  attached,  to  one  of  the  units  to  which  the  caps  had  been  accu- 
rately ground,  and  a  water  pressure  was  then  applied  by  means  of  a 
force  pump.  The  pointer  of  the  gauge  passed  the  1000  lbs.  mark  to 
an  extent  indicatirig  from  1150  lbs.  to  1200  lbs.,  but  the  spheres  did  not 
burst.  The  Schaffer  gauge  was  then  compared  with  a  Bourdon  gauge 
marked  to  500  lbs.,  and  up  to  this  point  the  gauges  agreed  within  10  lbs. 
per  square  inch.  From  a  calculation  of  the  Aveight  applied  to  the  force 
pump  lever,  and  from  the  dimensions  of  the  pump,  Mr.  Burnett  esti- 
mated that  the  total  force  applied  was  about  1470  lbs.  per  square  inch. 
Another  casting  of  four  spheres  was  afterwards  tested  in  the  same  way, 
the  pointer  of  the  Schaffer  gauge  passing  far  beyond  the  1000  lbs. 
mark.  In  this  instance  three  men,  instead  of  two,  as  in  the  first  trial, 
■were  put  to  work  the  pump,  but  the  spheres  did  not  burst.  The  cast- 
ings were  subsequently  broken  with  a  sledge,  and  showed  a  uniform 
thickness  at  all  parts,  and  a  good  quality  of  iron. 

A  safety  valve  was  then  arranged  with  the  intention  of  ascertaining 
the  bursting  strength  of  the  spheres.  The  valve  was,  square  ^in.  on 
a  side,  and,  therefore,  of  ^th  square  inch  area.  Its  head  was  IJins. 
in  diameter,  and  was  ground  carefully  to  its  seat.  The  spheres  were 
burst  at  a  pressure  calculated  at  1850  lbs.  per  square  inch,  but  on 
comparing  the  safety  valve  with  a  pressure  gauge  it  appeared  that 
water  must  have  worked  its  way  over  the  ground  seating  of  the  valve, 
and  that  the  true  pressure  could  have  hardly  been  so  much.  The  seat 
of  the  valve  was  then  turned  to  a  diameter  of  |in.,  and  the  spheres  were 
burst,  at  a  calculated  pressure  of  1650  lbs.  per  square  inch.  Even 
here  it  Avas  found  that  some  water  must  have  worked  under  the  valve 
seating,  thus  exerting  its  pressure  upon  an  area  greater  than  one- 
fourth  of  one  square  inch.  The  experiments  with  the  safety  valve 
were  not,  therefore,  altogether  satisfactory,  but  there  appeared  no 
reason  to  doubt  that  the  bursting  pressure  was  not  far  short  of  1500 
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lbs.  per  square  inch.  All  these  experiments  were  made  upon  castings 
having  thtir  covcrinj^  ca\)ii  ground  carefully  to  them,  and  the  bolts 
were  only  about  ii  ins.  long  between  the  caps  covering  the  opposite 
openings  of  the  units.  When,  however,  a  slab  of  perhaps  one  hundred 
spheres  is  bolted  together,  the  bolls  being  upwards  of  Uft.  in  length, 
the  !ip[)lic:ition  of  a  strain  considerably  below  the  bursting  pressure 
80  stretches  the  bolts  as  to  cause  the  joints  to  open  every  where  an<l 
relieve  the  pre!*sure.  In  this  way  every  joint  becomes  a  safety  valve. 
This  never  occurs  with  any  practicable  steam  pressure,  but  it  did  take 
])lace  in  many  of  the  earlier  experiments  made  to  burst  the  spheres, 
although  leakage  seldom  commenced  until  a  strain  of  nearly  or  quite 
half  a  ton  per  s(|iiare  inch  had  been  applied. 

All  these  experiments  were  made  with  new  castings,  and  at 
the  time  they  were  made  no  other  spheres  could  be  hail  which  had 
been  more  than  twelve  months  in  use;  and  the  condition  of  these  was 
clearly  the  same  as  when  new.  It  would  appear,  therefore,  that  the 
boiler  now  describeil  possesses  the  same  factor  of  safety  under  a  pres- 
sure of  22olbs.  per  s(|uare  inch  as  a  Tft.  Lancashire  boiler  under  a 
])ressureof  50  lbs.  If,  however,  one  of  the  units  of  the  cast  irun  boiler 
should  burst  it  couhl  not  do  more  than  empty  itself,  and  open  one  or 
more  3  in.  apertures  into  the  units  adjacent  to  it.  If,  however,  an  or- 
dinary boiler  cantaining,  say,  20  tons  of  highly  heated  water  in  one 
compartment,  should  burst,  the  consequences  would  be  most  disastrous. 
In  some  of  the  earlier  boilers  of  the  kind  now  describetl  the  setting 
was  such  that  an  excessive  strain  wasbrougiit  upon  one  or  more  joiiita. 
and  here,  in  order  to  prevent  leakage,  the  bolts  had  to  be  tightened 
with  great  force.  In  two  or  three  cases  castings  forming  a  part  of 
the  boiler  were  thus  cracked  from  one  joint  to  another.  The  conse- 
quence was  an  escape  of  steam  or  water,  but  no  further  damage  ensued. 
In  one  of  these  instances  a  unit,  thus  cracked,  was  worked  continuously 
for  throe  days;  and  it  might  perhaps  have  worked  for  a  still  longer 
time,  but  it  was  thought  prudent,  for  obvious  reasons,  to  replace  it  by 
a  sound  casting.  No  instance  of  a  fracture  has  occurred  in  the  cast  iron 
boilers  with  the  present  mode  of  setting,  and  all  the  boilers  of  this 
kind  vet  erected  are  fjuite  free  from  leaks  at  tlie  joints. 

It  will  bo  remembered  that  the  bolts  have  a  strength  much  beyond 
even  that  at  which  the  units  would  burst.  The  bolti?,  however,  are 
under  a  certain  initial  strain  before  any  pressure  is  raised  in  the 
spheres.  This  amount  of  initial  strain  is  known  and  un«ler  control, 
as,  in  screwing  up  the  slabs,  a  '27-in.  wrench  is  employeil,  and  the 
strength  of  but  one  man  is  applied  to  it.  If,  however,  a  great  strain 
be  put  upon  the  liolts,  the  ei-u.-ihing  strenirth  of  the  castings  is  founil 
to  be  greater  than  the  tensile  strength  of  the  bolt.  In  a  series  of  ex- 
periments, made  by  .Mr.  Luders,  a  slab  of  units,  boiled  together  to  a 
length  of  Uft.  was  screwed  up  with  great  force.  A  wrench,  lOfi.  in 
length,  was  employed,  and  the  force  of  three  men  applied.  In  every 
case  the  castings  were  compressed  to  the  extent  of  J»n.,  when  the  bolt 
commenced  to  stretch,  and  after  elongating  l.^ins.  it  broke.  This  ex- 
periment waa  repeated  twelve  times  with  the  saino  result,  the  caitiugs 
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remaining  uninjured.  The  castings,  when  laid  loosely  upon  a  brick 
pavement,  require  a  powerful  overhead  blow,  from  a  heavy  sledge  ham- 
mer, to  break  them.  They  may  be  heated  in  a  forge  to  a  bright 
cherry  red  color,  and  be  then  plunged  in  cold  water  without  crack- 
ing. Some  of  these  castings,  now  at  the  Museum  of  Patents,  South 
Kensington,  were  thus  heated  and  quenched  seven  times  in  succession, 
and  they  still  give  out  a  clear,  ringing  sound  when  sharply  struck  with 
a  hammer.  There  is  no  doubt  that  the  iron  was  most  seriously  in- 
jured by  this  treatment,  yet  it  might  have  been  expected  that  the 
spheres  would  have  broken  to  pieces.  In  one  case  while  heated  to  a 
bright  red,  the  casting  was  half  filled  with  cold  water.  The  endurance 
of  the  spheres  under  this  treatment  is  to  be  referred  to  their  form, 
and  to  the  tough  quality  of  the  metal  from  which  they  are  cast.  A 
sharp  blow  with  the  edge  of  a  hammer  indents  the  iron  nearly  the 
same  as  if  it  were  boiler  plate. 

It  might  have  been  apprehended  that  the  expansion  of  the  castings, 
■when  in  service  in  a  boiler,  would  be  such  as  to  cause  unequal  strain 
upon  the  joints.  No  leakage  at  any  of  the  joints  of  a  single  slab  of 
castings  can  be  detected,  however ;  and  as  each  slab  is  supported 
chiefly  at  its  lower  corner,  and  as  all  the  slabs  of  a  boiler  are  separate 
from  each  other,  except  at  a  single  point  above  and  below,  where  the 
steam  and  water  connexions  are  respectively  made,  it  is  found  that 
the  slabs  are  under  no  injurious  strain.  All  the  spheres  have,  too,  a 
considerable  amount  of  elasticity  under  strain,  which  would  assist  in 
compensating  for  unequal  expansion  did  it  exist.  These  conclusions,  as 
to  the  effect  of  expansion,  are  derived  from  an  experience  of  two  years 
and  a  half  with  a  Harrison  boiler,  of  12-horse  power,  at  the  Chemical 
Works  of  Messrs.  Denton,  at  Bow  Common,  London  ;  two  boilers — 
one  of  50-horse  and  one  of  12-horse  power — at  the  Vulcan  Works  of 
Messrs.  Hetherington  and  Sons,  Manchester  ;  and  from  a  12-horse 
boiler  at  the  Harrison  Boiler  Works,  Openshaw,  Manchester.  Messrs. 
Hetherington's  boilers  are  often  worked  collectively  up  to  200  indicat- 
ed horse-power  and  the  first  one  was  erected  at  their  works  about 
eighteen  months  ago.  Boilers  of  this  construction  were  originally  bolted 
up  in  slabs  25ft.  long,  where  considerable  power  was  required ;  but  in 
such  cases  it  is  now  preferred  to  employ  two  or  three  slabs,  one  behind 
the  other,  as  shown  in  Fig.  1,  Plate  II,  each  slab  being  about  9  ft.  long. 
When  this  arrangement  was  first  employed,  the  steam  pipes,  connecting 
the  front  and  back  slabs,  were  made  of  cast  iron,  and  of  a  form 
which  did  not  allow  of  the  unrestricted  expansion  of  the  slabs.  Some 
of  these  pipes  cracked  ;  but  they  are  now  made  of  wrought  iron,  and 
of  a  form  to  yield  readily  to  a  moderate  strain. 

Mr.  Harrison  had,  from  the  first,  counted  upon  entire  freedom  from 
corrosion  of  the  spheres,  and  the  experience  thus  far  has  borne  out  this 
anticipation.  Cast  iron,  as  is  well  known,  endures  much  better  than 
wrought  iron  under  the  action  of  flame,  water,  and  other  corrosive  in- 
fluences. It  need  hardly  be  said  that  plate  iron  would,  if  employed 
for  gas  retorts,  be  immediately  burnt  through,  yet  until  the  introduc- 
tion of  clay  retorts,  cast  iron  answered  very  well.     The  pipes  for 
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boating  the  blast  of  blast  furnaces  were  originally  ma<le  by  Mr.  Neilson 
of  plate  iron,  but,  although  the  blast  was  then  hcate<i  to  but  'joU  (legs, 
it  became  imiiicdiutely  necessary  to  resort  to  cast  iron  heating  pipes. 
The  superior  durability  of  east  iron  forge  tuyeres,  especially  where 
inrule  hallow  and  lined  with  water,  is  well  known.  Mr.  Jaffrey,  the 
engineer  to  Messrs.  Thomas  Richardson  and  Sons,  of  Hartlepool,  has 
ejiiployed  cast  iron  8Upeili(.':itt'rs  with  much  6ucc»'ss,  anii  he  has  in- 
foruH-d  the  author  that  four  gupcrheaters  upon  his  plan:*,  fitted  ou 
boaril  the  Steam  colliers  iJerwick,  Killingworth,  Wearmouth,  and  Earl 
of  Elgin,  showed  no  sign  of  corrosion,  when  examined  in  October  last 
after  four  years  of  almost  constant  service.  Mr.  Jaffrey 'a  assistant 
reported  to  him  that  the  superheaters  "looked  almost  as  well  as  on 
the  day  they  wi-re  [>ut  in  ;  there  was  not  the  slightest  sign  of  external 
corrosion,  and  the  pipes  when  cleaned  look  like  new  castings.  The 
cast  iron  connexions  of  the  Earl  of  Elgin  are  just  the  same;  the  heat 
does  not  seera  to  have  taken  any  effect  on  them."  Mr.  JafTrey  adds, 
'*  I  am  quite  satisfied  in  my  own  mind  as  to  the  value  of  cast  iron 
whore  a. strong  heat  is  applied,  as  thesic  and  kindred  instances  establish." 
In  the  case  of  the  Harrison  boiler  many  castings  have  been  purposely 
removed  and  examined,  but  their  weight  is  the  same  as  when  they  went 
in,  and  the  joints  show  no  degradation  of  their  original  surface. 

The  point,  in  connexion  with  the  boiler  now  described,  which  caus- 
ed most  apprehension  in  the  first  instance,  was  that  of  maintaining  a 
clean  surface  within  the  spheres.  The  cast  iron  boiler  may  be  said 
to  belong  to  the  family  of  water  tube  boilers  or  those  having  small 
water  cells.  The  water  tube  boiler  is  at  least  sixty  years  old,  for 
vVrthur  Woolf  fitted  one  in  Meux's  brewery,  in  London,  in  the  year 
l^Ut.  In  the  same  year  John  C.  Stevens,  of  New  York,  worked  a 
small  screw  steamboat  on  the  river  Hmlson,  the  engine  of  which  vessel 
was  made  by  lioulton  and  Watt,  while  the  boiler  had  eighty-one  water 
tubes  lin.  in  diameter  and  -ft.  long.  From  the  first,  however,  water 
tube  boders  have  generally  failed  on  account  of  defective  circulation, 
and  from  the  difficulty  of  keeping  the  tubes  free  from  internal  depo.^it. 
Many  attempts  have  been  made  to  remove  this  difficulty.  Mr.  William 
Henry  James  long  ago  proposed  to  employ  circulating  pumps,  in  addi- 
tion to  the  ordinary  feed  pump,  to  maintain  a  constant  circulation  of 
Water  through  the  tubes.  The  boilers  of  the  first  American  steam  fire 
engines  were  thus  constructed,  and  Mr.  Spencer,  and  Mr.  Kussell 
some  time  since,  gave  descriptions  of  such  a  boiler  to  this  Institution. 
Other  forms  of  water  tube  boilers  have  been  made  with  different  means 
for  promoting  a  circulation  of  the  water,  but  in  all  cases  the  whole  of 
the  inorganic  matter  contained  in  the  feed  water  must  remain  in  the 
boiler,  unless  it  be  blown  out  while  working;  and  in  case  of  some  salts 
held  in  solution  by  ordinary  boiler  waters,  these  are  inevitably  and 
almost  irremovably  deposited  upon  some  part  of  the  internal  surfaces. 
The  Harrison  boiler  forms  no  exception  to  the  general  experience  in 
this  respect.  The  water  with  which  .Messrs.  Hetheringtons',  and  indeed 
most  boilers  in  Manchester,  are  fed,  is  such  as  to  form  a  hard  scale, 
|iD.  thick,  after  a  few  weeks  time.     A  tool  had  been  coutrivcd  wiUi 
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steel  scrapers,  so  hinged,  that  it  might  be  entered  through  any  of  the 
openings  in  the  cast  iron  boiler,  and  be  then  forced  out  to  the  internal 
circumference  of  the  spheres.  By  then  working  this  tool  within  the 
spheres  the  scale  would  be  removed,  so  that  it  could  afterwards  be 
blown  out.  Unexpectedly,  however,  no  occasion  has  arisen  for  the  use 
of  this  tool.  It  was  found  that  tlie  supply  of  steam  continued  good 
^vithout  it,  and  that  none  of  the  spheres  were  overheated  or  leaking. 
The  boiler  was  regularly  blown  out  at  the  end  of  every  week.  After 
ten  months'  work  it  was  desired  to  increase  the  boiler  power  of  Messrs. 
Hetheringtons',  and  as  the  large  cast  iron  boiler  then  in  use  there  was 
formed  of  units  having  only  two  spheres  each,  it  was  thought  best  to 
replace  it  with  a  new  boiler  having  four  spheres  in  each  unit,  with  the 
exception  of  those  employed  for  breaking  joint,  which  had  two  spheres 
as  before.  On  taking  down  the  old  boiler  little  or  no  scale  was  found 
in  any  of  the  spheres,  some  of  which,  in  the  same  condition  as  when 
taken  down,  are  now  exhibited  to  the  meeting.  One  taken  from 
Messrs.  Hetheringtons'  twelve  horse  boiler  was  broken  by  the  author, 
and  having  been  marked  by  him  is  also  exhibited.  It  was  purposely 
taken  from  near  the  bottom  of  the  boiler,  and  it  had  worked  constantly 
for  tight  months  without  any  examination.  It  will  be  seen  that  the 
broken  pieces,  which  are  in  the  same  condition  as  when  the  author 
took  out  and  broke  the  casting,  contain  no  scale.  In  taking  down  the 
old  boiler,  however,  a  lump  rolled  out  of  one  of  the  spheres,  and  this 
the  only  one  of  the  kind  found,  is  also  exhibited,  although  it  has  been 
accidentally  broken  in  two.  It  consists  of  scales,  seldom  larger  or  thick- 
er than  a  sixpence,  loosely  cohering  together  by  a  clayey  deposit  from 
the  water.  In  the  mass  it  is  very  friable,  but  the  fragments  of  scale 
are,  of  themselves,  of  the  same  obdurate  sulphate  of  lime  as  that 
■which  hardens  in  nearly  all  other  boilers  in  the  same  district.  Yet 
they  have  in  every  case  separated  from  the  iron  before  attaining  a 
thickness  greater  than  one-sixteenth  of  an  inch.  It  cannot  be  because 
the  boiler  is  of  cast  iron  that  it  so  readily  sheds  its  scale  ;  Trevithick's 
boilers,  and  the  cast  iron  boilers  long  made  by  Mr.  Hall,  of  Dartford, 
and  known  as  "elephant  boilers"  enjoyed  no  immunity  in  this  respect, 
when  compared  with  wrought  iron  boilers  fed  with  the  same  kind  of 
•water.  In  the  Lancashire  district,  too,  the  cast  iron  pipes  of  Messrs. 
Green's  "Patent  Economizer,"  are  known  to  be  subject  to  choking 
with  scale  in  the  same  manner  as  if  they  were  made  of  wrought 
iron.  In  some  cases  they  become  completely  choked,  and  can  only  be 
cleared  by  a  boring  tool.  The  fact  that  the  spheres  of  the  Harrison 
boiler  shed  their  scale  is  not  referable,  therefore,  to  the  material  of 
which  they  are  made.  It  might,  perhaps,  be  argued  that  the  water 
is  occasionally  driven  from  the  internal  surfaces,  and  that  the  conse- 
quent expansion  of  the  spheres,  and  their  subsequent  contraction  on 
the  return  of  the  water,  would  account  for  the  loosening  and  breaking 
of  the  scale.  But  the  spheres  show  no  evidence,  as  in  this  case  they 
might  be  expected  to  do,  of  the  irregular  action  of  the  fire,  and,  too, 
those  of  the  spheres  which  are  placed  far  behind,  where  the  action  of 
the  heat  is  moderated,  are  equally  free  from  scale.     It  appears  to  b© 
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more  probable  that,  iis  the  splieres  expand  at  all  parts,  and,  in  cooling, 
contract  equally  at  the  same  parts,  the  scale  U  detached  and  crushed 
in  this  process  of  contraction.  If  this  conjecture  be  correct,  the  un- 
expected separation  of  the  scale  may  be  attributed  to  the  form  and 
diiiMiisions  of  the  spheres  themselves,  Whatevrr  explanation  may  be 
oflercd  it  is  certain  that,  with  foul  water,  and  with  such  as  gives  much 
trouble  with  other  boilers,  the  scale  breaks  freely  off,  and  into  small 
pieces,  in  the  cast  iron  boilers  now  described.  This  is,  perhaps,  one 
of  its  most  valuable  properties;  but  it  was  quite  unforseen.  It  would 
not  be  prudent  to  anticipate  the  result  in  the  case  of  the  application 
of  the  Harrison  boiler  to  marine  purposes;  but  with  all  the  land  boilers 
upon  the  plan  now  described,  it  has  been  found  that,  with  a  blowing 
off  once  a-weck,  they  may  b<'  worked  indefinitely  without  an}'  formation 
of  scale.  The  description  already  ;^iven  will  show  how  readily  the  cast 
iron  boiler  may  be  laid  open  for  examination,  and  it  was  recently 
thou;:ht  expedient  to  open  the  large  boiler  at  Messrs.  Iletheringtons' 
for  this  pjirpose.  A  small  quantity  of  loose  and  broken  scale — per- 
haps a  tablespoon  full — was  found  in  each  of  the  spheres  examined,  but 
their  internal  surfaces,  so  far  as  they  could  be  seen,  were  entirely  clear. 
The  evaporative  efficiency  of  the  cast  iron  boiler  depends,  as  in  the 
case  of  all  other  boilers,  upon  the  amount  of  heating  surface  exposed 
in  proportion  to  the  consumption  of  a  given  weight  of  fuel  in  a  given 
time.  The  boiler,  by  which  Messrs.  lletheringtons'  works  are  now 
driven,  eujiplies  an  amount  of  steam  which  a  single  Lancashire  boiler 
7ft.  in  dameter,  yOft.  long,  ami  weighing  14  tons,  was  found  inadequate 
to  produce.  Both  the  original  and  the  present  boiler  are  in  connexion 
with  a  chimney  105ft.  high,  and  which  affords  an  excellent  draft. 
The  Lancashire  boiler  had  two  tlucs  2.'.ft.  each  in  diameter,  and  en- 
larged at  the  fireplace  to  3ft.  The  area  of  the  fire  bars  was  oG  square 
feet,  and  the  total  run  of  the  heat  was  IM.Ift.  in  lonrjth.  The  cast  iron 
boiler  now  in  use  has  about  1^00  spheres,  weighing  18  tons,  and  pre- 
senting about  1000  square  feet  of  surface  in  the  water  spheres,  and 
about  TOO  s<|uare  feet  in  the  steam  spheres.  The  area  of  fire-grate  is 
ij'5  sipiare  feet.  The  usual  (luaiitity  of  water  carried  is  147  cubic  feet, 
or  rather  niore  than  4  tons,  the  quantity  usually  carried  in  the  former 
liancashire  boiler  being  nearly  'JO  tons.  'J"he  external  dimensions  of 
the  present  boiler  are  consi<lerably  less  than  those  of  the  Lancashire 
boiler  formerly  employed.  Kather  tnore  than  W  cwt.  of  coal  are  now 
required  in  raising  .'lOlbs. of  steam  from  cold  water,  and  the  time 
occupied  is  aliout  half  an  hour.  In  order  to  ascertain  the  exact 
evaporative  efficiency  of  the  boiler,  it  would  be  necessary  to  begin  the 
observations  when  it  was  in  full  work,  and  to  continue  them  uninterrupt- 
edly for  a  considerable  time.  As  the  boilers  are  now  worked,  the  fires 
are  lighted  on  Monday  morning  and  let  down  on  8atur<lay  afternoon, 
but  they  are  hanked  every  day  at  breakfast  time,  at  noon,  and  at  night. 
The  mass  of  brick-work,  which  i'*  thus  alternately  heated  an<l  cooled 
with  the  boiler,  is  very  great,  and  the  heat  which  enters  it,  and  which 
on  stopping,  is  for  the  most  part  wasted,  is  correspondingly  large. 
Except  at  the  beginning  of  the  week,  the  temperature  of  the  water  in 
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the  boiler  on  starting  in  the  morning  is  at  least  212  degs.,  while  the 
feed  water  from  the  hot-well  is  usually  between  90  degs.  and  100  degs. 
On  the  loth,  15th,  and  16th  of  February  last,  the  author  made  a  series 
of  careful  observations  upon  the  working  of  Messrs.  Hetheringtons' 
boiler,  more  especially  to  ascertain  its  evaporative  efficiency.  The 
coal,  of  good  quality,  and  from  the  Oldham  pits,  was  carefully  weighed 
and  the  feed  water  was  made  to  pass  through  one  of  Worthington's 
water  meters  on  its  way  to  the  boiler.  The  indications  of  the  meter 
were  ascertained  to  be  accurate,  one  of  the  best  tests  being  its  registra- 
tion of  147f  cubic  feet,  in  filling  the  boiler  to  a  point  known  to  exactly 
correspond  with  that  quantity.  Between  5h.  40nain,  in  the  morning, 
and  12h.  55rain.  p.m.,  with  an  interval  for  breakfast,  the  whole  con- 
sumption of  coal  was  38  cwt.,  and  of  water  442-7  cubic  feet.  If  the 
quantity  of  water  evaporated  were  to  be  divided  by  the  gross  consump- 
tion of  coal  the  quotient  would  be  6Jlbs.of  water  only  evaporated  per 
pound  of  coal ;  but  in  heating  the  boiler  and  its  contents  to  the  work- 
ing point,  and  in  the  loss  at  breakfast  time,  the  consumption  of  coal 
was  such  that  24  cwt.  were  burnt  while  evaporating  the  first  200  cubic 
feet  of  water,  while  theremaininfj  14  cwt.  held  out  for  the  time  durinj; 
which  242-7  cubic  feet  of  water  were  evaporated.  Allowing  for  the 
lowering  of  the  fires  at  the  hour  for  stopping  work,  the  quantity  of 
coal  actually  expended  in  evaporating  the  242-7  cubic  feet  of  water 
may  be  taken  at  16  cwt.,  corresponding  to  an  evaporation  of  8-431bs. 
of  water  per  pound  of  coal.  Towards  the  end  of  the  trial,  in  a  period 
of  Ih.  40min.,8  cwt.  of  coal  were  burnt  and  142-7  cubic  feet  of  water 
were  evaporated.  But  as  this  would  correspond  to  an  evaporation  of 
9*91  lbs.  of  water  per  pound  of  coal,  it  is  probable  that  a  portion  of  the 
water  was  vaporized  at  the  expense  of  the  heat  already  in  the  water, 
and  in  the  boiler  and  its  brick-work  setting.  That  this  was  the  case 
is  proved  by  the  fact  that  in  the  last  50  minutes  of  the  trial  only  2 
cwt.  of  coal  were  burnt,  while  80  cubic  feet  of  water  were  evaporated, 
a  proportion  which  were  the  total  evaporation  due  to  the  quantity  of 
coal  actually  burnt  within  the  same  period  of  time  would  have  correspond- 
ed to  the  evaporation  of  nearly  22J  lbs.  of  water  per  pound  of  coal, 
which,  it  is  needless  to  say,  would  have  been  impossible.  In  making 
these  observations  there  was  always  the  uncertainty  attending  the 
quantity  of  coal  assignable  to  heating  the  boiler  and  its  contents  and 
setting^  up  to  the  working  temperature,  and  that  due  to  evaporation 
alone. 

On  the  15th  of  February,  starting  with  water  at  about  45  degs.  tem- 
perature, 5  cwt.  of  coal  were  consumed  in  raising  steam  to  the  working 
pressure,  the  time  occupied  being  half  an  hour.  Including  the  coal 
burnt  in  raising  steam,  2  tons  18  cwt.  were  consumed  during  the  day, 
and  657J  cubic  feet  of  water  were  evaporated,  corresponding  to  6-3 
lbs.  of  water  per  pound  of  coal.  But  as  a  greater  quantity  of  heat 
was  manifestly  left  in  the  boiler,  and  brick-work  on  stopping  than 
when  work  was  commenced  in  the  morning,  and  as  there  was  a  waste 
of  heat  during  the  breakfast  and  dinner  hours,  not  more  than  2|  tons 
of  coal,  at  most,  can  be  fairly  charged  to  the  water  evaporated.     It 
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Tvis  the  opinion  of  those  who  witnessed  these  experiments  that  even 
this  was  too  lar^e  an  allowance  of  coal.  It  corresponds  to  T'o  lbs.  of 
water  per  pouml  of  coal.  The  evaporation,  from  noon  until  the  hour 
of  stoppin;,'  at  nirfjit,  averaged  litii  lbs.  of  water  per  pound  of  coal  ; 
while,  for  ihe  last  four  hour^  of  the  experiment,  tlu-  apparent  rate  of 
evaporation  was  8*71  lbs.  On  February  ItJth,  steam  having  been  kept 
in  the  boiler  over  night,  the  consumption  of  coal  from  0  a.m.  till  -i 
p.m.  was  2  tons  G  cwt.,  which  included  the  loss  during  the  breakfast 
and  dinner  hours,  and  the  evaporation  was  Sl'J  cubic  feet,  correspond- 
ing to  GJi  lbs.  of  water  per  pound  of  coal. 

In  a  whole  week,  of  67 1  hours,  an  average  of  77  cubic  feet  was 
evaporated  per  hour,  the  maximum  evaporation  being  about  82  cubic 
feet  per  hour.     Tlie  average  consumption  of  coal  was  0  cwt.  1  qr.  per 
hour,  corresponding  to  G'Hfj  ll>a.  of  water  per  pound  of  coal,  but  allow- 
ing for  the  sources  of  loss  already  p(/inted  out,  nearly  8  lbs.  may  bo 
taken  as  the   effective  rate  of  evaporation.     The  temperature  of  the 
escaping  gases,  as  indicated  by  (jauntlett's  pyrometer,  was  about  GOO 
degs.  on  the  average,  the  steam  of  60  lbs.  pressure,  showing  its  normal 
temperature  of  about  .']<J0  degs.,  by  a  thermometer  inserted  for  the  pur- 
pose.  The  average  rate  of  combustion  was  21  lbs.  of  coal  per  S(juare 
foot  of  fire-bar  per  hour.    ^Vhen  the  fires  were  not  driven  to  hard  the 
rate  of  evaporation  per  pound  of  coal  was   increased,  and  the  tem- 
perature of  the  escaping  products  fell  to  526  degs.  The  flame  penetrated 
freely  between  the  spheres  for  a  distance  of  eight  or  ten  feet  from 
the  bridge,  and  three-fourths  of  the  whole  evaporation  efTectcti  probably 
took  place  within  this  distance.      The  spheres  in  the  slabs  at  the  back 
of  the  boiler  were  generally  covered  with  a  light  coating  of  soot,  which 
was  swept  oflf  every  week,  all  the  spheres  being  within  easy  reach  for 
this  purpose.     Soot  never  formed,  however,  upon  the  spheres  near 
the  fire.     The  water  level  was  very  steadily  maintained  within  a  small 
range  of  oscillation.      As  fied  water  entered  the  boiler  at  the  back, 
there  could  be  no  doubt,  when  it  stood  at  its  proper  height  in  theglas3 
gauge  in  front,  that  its  level  was  properly  maintained  throughout  the 
whole  length  of  the  boiler.     A  small  cock,  tapped  into  one  of  the  steam 
sjdieres  a  short  distance  above  the  water  level,  showed  damp  steara, 
iiulicating  a  vigorous  circulation  of  the  water  below,  but,  in  the  engine 
ruoiii,  the  steam  blown  from  the  cylimler  cocks  was  quite  dry,  show- 
ing the  value  of  the  superheating  surface  formeil  by  the  upper  or  steam 
spheres  of  the  boiler.    In  a  recent  instance  an  inclination  of  46  degs. 
has  been  adopted  for  setting  the  slabs,  and  it  is  believed  that  this  per- 
mits of  a  still  better   circulation  of  the  water,  or,  rather,  an  easier 
disengagenient  of  the  steam  from  the  water. 

A  lengthy  paper  might  be  prepared  upon  the  mode  of  making  the 
castings  of  the  boiler  and  of  forming  the  joints.  The  system  pursued 
in  the  foundry  is  such  that,  with  green  sand  cores,  the  nnUs  are  mould- 
ed with  about  the  rapidity  and  economy  of  plate  moulding.  The  cores 
are  well  hammered  on  the  eight  prints  upon  which  they  rest  in  the 
band,  and  there  is  no  chance  of  their  being  displaced  in  pouring  or 
otherwise,  except  by  a  force  suflicient  to  break  them  in  pieces.  The 
two  halves  of  the  moulding  boxes  arc  drawn  apart  in  such  a  manner 
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AS  to  prevent  any  chance  of  breaking  down  the  sand,  and  a  little  or 
no  sleeking  is  required.  Each  casting  is  critically  inspected,  but,  as 
the  moulders  arc  not  paid  for  imperfect  castings,  very  few  are  made. 
The  joints  are  faced  up  by  special  and  powerful  machinery.  The  spheres 
are  9  ins.  from  centre  to  centre,  and  these  machines  not  only  preserve 
that  distance  exactly  between  the  openings  on  the  same  side  of  each 
unit,  but  they  face  the  joints  so  that  those  on  opposite  sides  of  the  unit 
shall  be  precisely  9  ins.  apart.  Each  machine  has  two  headstocks,  with 
eight  spindles  and  rose-cutters  in  each  headstock,  and  the  castings 
being  immovable  and  held  in  a  clamp,  are  faced  in  pairs,  a  roughincr 
cut  being  taken  on  the  eight  joints  of  one  casting  while  a  finishing 
cut  is  going  on  upon  the  eight  joints  of  the  other.  Twenty-five  tons 
of  castings  pass  under  the  roughing  cutters  before  they  require  grind- 
ing, and  100  tons  of  units  are  completely  faced  before  the  finishing 
cutters  require  to  be  re-ground.  By  a  special  adjustment,  the  finishing 
cutters  may  be  set  up  in  their  spindles  by  the  one-thousandth  part  of 
an  inch,  when,  from  the  dulling  of  the  cutting  edges,  the  distance  be- 
tween the  opposite  joints  of  the  units  are  found  to  exceed  the  length 
of  the  standard  gauge  of  that  quantity.  Of  an  infinite  number  of 
castings  any  two  will  exactly  correspond.  "When  placed  together  the 
bearing  surface  at  each  joint  is  /gin.  wide  all  roun<l,  and  it  is  finished 
with  a  truth  not  inferior  to  that  of  a  good  slide  valve  face.  If  a  sheet 
of  oiled  paper  be  placed  upon  a  smooth  board,  and  two  units  be  placed 
upon  it,  one  above  the  otlier,  they  may  be  filled  with  water,  without 
any  perceptible  kakage  at  the  joints  even  after  the  lapse  of  a  week. 
In  conclusion  it  is  believed  that  the  boiler  now  described  possesses 
several  important  advantages.  It  is  believed  to  be  absolutely  secure 
from  explosion,  and,  so  far  as  experience  has  gone,  free  from  any 
liability  to  choke  with  scale.  It  is  durable,  easily  taken  apart  and  put 
together,  and  it  may  be  erected  in  almost  any  form,  adapted  to  that 
of  the  space  in  which  it  may  be  necessary  to  place  it.  The  parts  are 
very  portable,  and  they  may  be  taken  through  any  opening  where  a 
boy  can  pass.  Any  part  of  a  boiler  upon  this  construction  may  be 
readily  renewed  if  necessary,  and  an  existing  boiler  may  be  at  any  time 
readily  enlarged,  and  to  an  indefinite  extent,  by  adding  to  the  number 
of  slabs  either  at  the  sides  or  at  the  back.  The  economy  of  the  boiler 
in  first  cost  is  obvious,  and  with  proper  proportions  between  the  fire- 
grate and  heating  surfaces,  as  high  an  evaporative  efficiency  may  be 
had  as  with  most  other  forms  of  boilers.  The  quantity  of  water  car- 
ried being  comparatively  small,  steam  may  be  raised  with  a  small 
quantity  of  fuel  and  in  a  short  space  of  time.  Water  may  be  left 
standing  in  the  boiler  for  almost  any  length  of  time  without  injury. 
Every  part  of  the  boiler  is  at  all  times  under  ready  observation,  Avith- 
out  disturbing  the  connexions,  and  the  spheres  may  be  easily  swept 
on  their  outsides.  The  setting  of  the  boiler  is  such  also  that  the  steam 
may  be  dried  to  any  extent  desired  in  the  spheres  themselves,  without 
any  other  provision  for  superheating.  It  is  thought  that  this  boiler 
especially  meets  the  increasing  tendency  to  use  high  pressure  steam, 
and  that  the  description  now  given  will,  therefore,  prove  interesting 
to  the  members  of  this  Institution. 
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During  tlie  pnst  month  tljere  have  been  examined  238  engines  and 
381  boilers.  Of  tlie  latter,  17  have  been  examined  specially,  'J  inter- 
nally, [}[>  thorcjughly,  and  300  externally,  in  addition  to  which  1  of 
these  boilers  has  been  tested  by  hydraulic  pressure.  The  f<ill<>wing 
defects  have  been  found  in  the  boilers  examined: — Fracture  10  (1  dan- 
gerous); corrosion,  2i>  (5  dangerous);  safety-valves  out  of  onler,  1; 
water-gauges  ditto,  30  (3  dangerous);  pressure-gauges  ditto,  o;  feed 
apparatus  ditto,  2  ;  blow-out  apparatus  ditto,  15(1  dangerous);  fusible 
plugs  ditto,  3;  furnaces  out  of  shape,  12  (3  dangerous) ;  over-pressure  3 
(1  dangerous);  Total  lOtJ  (1-4  dangerous).  iJoilers  without  glass  water- 
gauges  3  ;  without  pressure-gauges,  4.j;  without  blow-out  apparatus, 
48;   without  back-pressure  valves,  72. 

An  illustration  has  lately  been  met  with  of  the  importance  of  remov- 
ing portions  of  mid-feather  walls,  in  order  to  give  an  opportunity  of 
examining  the  plates.  On  this  being  done  at  tlie  instance  of  this  As- 
sociation, in  the  case  of  a  boiler  lately  put  under  its  care,  the  bottom, 
although  presumeil  by  its  owner  and  engineer  to  be  perfectly  sound, 
was  found  to  be  nearly  eaten  through  by  corrosion,  and  on  the  very 
jioint  of  rupture,  as  in  the  case  of  No.  31)  Explosion,  the  details  of 
which  are  given  below. 

Instances  continue  to  be  met  with  of  serious  corrosion,  arising  from 
the  leakage  of  bolted  joints  concealed  under  brickwork,  it  cannot  be 
too  often  repeated  that  all  connexions  to  boilers  should  be  made  by 
means  of  fitting  blocks  riveted  to  the  shell,  excepting  only  the  at- 
tachments to  the  front  end  plate,  where  they  arc  not  absolutely  ne- 
cessary, since  the  plate  being  Hat  the  joints  are  more  easily  made, 
while  at  the  same  time,  from  their  position,  leakage,  should  it  occur, 
is  at  once  apparent.  The  front  end  plate  should  be  left  completely 
open,  and  not,  as  is  too  fre(|uently  the  case,  covered  in  with  a  wall  of 
brickwork,  since  leakage — so  prone  to  occur  in  the  neigliborhood  of 
the  furnace  mouths — is  found  togo  on  behind  the  brickwork  undetected. 
A  case  of  this  sort  has  just  been  met  with,  where  a  plate  was  completely 
eaten  through  before  the  corrosion  was  known. 

Explosions. — 2so.  31  Explosion  occurred  at  a  distance  of  nearly 
three  hundred  miles,  and  as  full  details  could  not  then  be  obtained,  the 
fact  of  its  occurrence  was  merely  entered  at  the  time  in  the  tabular 
statement.  The  boiler  was  not  under  the  inspection  of  this  Associa- 
tion, and  it  has  since  been  ascertained  that  it  was  of  plain  Cornish 
construction,  having  a  single  Hue  parallel  throughout;  its  length  being 
25  feet  3  inches,  its  diameter  in  the  shell  5  feet  7  inches,  and  in  the 
flue  3  feet  5  inches,  while  the  thickness  of  the  plates  was  three-eighths 
of  an  inch,  and  the  pressure  to  which  the  safety-valves  were  loaded, 
40  lbs.  Such  a  Hue,  on  account  of  its  large  diameter,  was  unsafe  from 
the  day  on  which  the  boiler  was  made,   though  it  might  easily  have 
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been  made  secure  by  adopting  any  of  the  well-known  plans  of  strength- 
ening flues,  among  which  may  be  mentioned,  hoops,  whether  of  T-ii'on, 
angle  iron,  or  bridge  rail  section,  as  well  as  flanged  seams. 

Six  explosions  have  occurred  during  the  past  month,  resulting  in 
the  death  of  eleven  persons,  and  serious  injury  to  eighteen  others. 
Not  one  of  the  boilers  in  question  was  under  the  inspection  of  this  As- 
sociation. One  of  these  exploded  boilers.  No.  39,  has  been  personally 
examined,  while  this  was  prevented  in  other  cases  by  distance,  some 
of  the  explosions  occurring  upwards  of  two  hundred  miles  from  Man- 
chester. It  is  expected,  however,  that  detailed  particulars  of  all  of  them 
will  be  obtained,  while  I  am  already  indebted  for  a  minute  report  on 
Explosion  No.  38,  to  the  kindness  of  an  engineer  residing  in  its  locali- 
ty, and  who  made  an  examination  shortly  after  the  occurrence. 

No.  38  Explosion,  from  which  one  man  was  killed,  occurred  to  a 
boiler  not  under  the  inspection  of  this  Association,  and  which  was  in 
use  at  an  iron  works. 

The  boiler  Avas  of  a  plain  cylindrical  egg-ended  shape,  externally- 
fired,  and  connected  by  its  steam  pipe  to  two  others  of  different  con- 
struction; all  three  collectively  working  an  engine  and  forgo  hammer 
in  the  rolling  mill.  The  ordinary  working  pressure  of  the  boiler  was 
40  tbs.,  its  length  35  ft.,  and  its  diameter  Oft.  5  ins.,  while  the  plates 
were  of  the  most  unusual  and  unnecessary  thickness,  of  from  nine- 
sixteenths  to  five-eighths  of  an  inch. 

It  is  more  difficult  to  make  good  work  in  a  boiler  with  such  thick 
plates,  and  it  is  reported  that  the  joints  in  the  present  instance  were 
imperfectly  closed — that  there  had  been  unfair  use  of  the  drift,  than 
which  few  things  are  more  prejudicial  to  the  strength  of  the  boiler — 
that  but  few  of  the  rivets  were  properly  laid  up,  while,  in  addition, 
the  overlap  of  the  plates  at  the  seams  of  rivets  were  unusually  wide, 
and,  in  short,  that  the  work  was  altogether  most  clumsy  and  inferior. 
Added  to  this,  the  boiler  had  been  repaired  over  the  fire  more  than 
once,  with  plates  ^  of  an  inch  thinner  than  the  rest,  while  longitudinal 
seams  of  rivets,  six  feet  long,  were  allowed  to  fall  within  the  furnace, 
their  original  length  having  been  increased  by  the  repairs. 

The  boiler  had  been  leaking  at  the  seams  in  the  furnace  for  three 
weeks  previous  to  the  explosion;  and  in  order  to  stop  this  the  fireman 
had  been  in  the  habit  of  putting  a  bucket-full  of  sharps  as  well  as  a 
bucket-full  of  horse  manure  into  the  boiler  once  a  week. 

The  state  of  the  boiler  after  the  explosion  aflbrded  no  indications 
either  of  overheating  from  shortness  of  water  or  of  corrosive  action, 
while  there  appeared  to  have  been  little  or  no  incrustation  ;  but  it  was 
found  that  the  shell  had  rent  at  one  of  the  longitudinal  seams  over 
the  fire,  just  where  the  thick  old  plates  had  been  patched  with  the  com- 
paratively thin  new  ones.  The  rent  extended  throughout  the  whole 
lenorth  of  the  seam,  and  then  ran  into  the  transverse  ones  which  cross- 
ed it  at  both  ends,  completely  severing  from  the  remainder  of  the  shell 
the  dome  or  egg-end.  The  latter  was  blown  to  a  considerable  distance, 
while  the  former,  though  lifted  off  its  seat,  was  only  thrown  a  few  feet 
from  it. 
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The  cause  of  tho  explosion  was  marie  a  subject  of  scientific  investi- 
gation at  the  order  of  the  coroner,  and  the  view  given  in  the  report 
thereon  by  the  engineer  engaged,  may  be  briefly  stated  as  follows: — 

The  explosion  was  considered  to  be  due  to  excessive  pressure  of 
steam,  a  pressure  greater  than  that  at  which  the  boiler  was  ordinarily 
worked,  and  which  it  was  thought  might  have  arisen  in  llie  following 
way  : — The  explosion  occurred  shortly  before  four  o'clock  in  the  after- 
noon, the  boiler  having  been  cleaned  out  the  same  morning,  while  th"- 
other  two  to  which  it  was  connected  were  working  alongside  meantime. 
In  order  to  clean  this  boiler  out  while  the  others  connected  to  it  ha<l 
their  steam  up,  it  was  necessary  that  the  junction  valve  should  be  closed, 
and  if  this  valve  h:id  not  been  rc-opened,  as  it  dught  to  have  been,  as 
Boon  as  the  steam  was  up — then  in  the  event  of  the  only  safety  valve 
with  which  this  boiler  was  fitted,  either  sticking  fast  in  its  seat  or  bcinij 
tampered  with — the  steam  would  be  bottled  up,  and  the  pressure  con- 
tinue to  rise,  without  giving  any  sign  until  actual  explosion  resulted, 
since  there  Avas  no  steam-gauge  upon  the  boiler. 

(Jne  or  the  other  of  these  two  conditions  it  was  concluded  had  oc- 
curred viz  : — cither  that  the  safety-valve  had  stuck  fast  in  its  seat,  or 
had  been  intentionally  tampered  with,  at  the  same  time  that  the  boil- 
er was  isolated  from  the  other  two  by  the  junction  valve  being  shut 
down. 

The  supposition  of  the  junction  valve  having  been  left  closed,  was, 
it  was  thought,  strengthened  by  the  fact  that  the  steam  had  been  so  low 
a  few  minutes  previous  to  the  explosiim,  that  both  engines  had  to  be 
stopped,  80  that  had  the  boiler  in  question  been  then  in  connexion 
with  the  others,  it  was  argued  that  the  rupture  must  have  taken  place 
when  the  pressure  was  lower  than  usual,  which  was  not  thought  likelv. 
That  the  safety-valve  had  stuck  fast  in  its  seat,  was  considered  most 
improbable,  while  the  supposition  of  its  having  been  intentionally  tam- 
pered with  derives  support  from  the  reckless  character  of  the  fireman, 
who,  shortly  after  the  explosion  had  occurred,  was  known,  while  tending 
the  boiler  alongside  the  exploded  one,  to  have  pag;^cd  his  alarm  whis- 
tle on  it  signalling  shortness  of  water;  in  consequence  of  which  a 
number  of  workmen  engaged  near  the  boiler  deserted  their  post  stat- 
in;; that  thev  considered  their  lives  in  dandier. 

The  jury  dissented  from  these  views,  and  brought  in  a  verdict  of 
accidental  «leath,  adding — "That  in  their  opinion  the  boiler  did  not 
explode  from  excess  of  steam,  but  from  a  combination  of  gases  occa- 
pioned  by  the  lifting  of  the  junction-valve  when  there  was  lu-t  a  suf- 
ficiiiit  pressure  of  steam.  The  consequence  of  the  junction-valve  be- 
ing openetl  under  these  circumstances,  would  be,  that  the  steam  would 
rush  into  the  boiler  from  the  adjoining  ones,  and,  by  generating  gases 
within  it,  blow  it  up. 

The  opinion  of  the  jury  can  scarcely  be  regarded  as  otherwise  than 
hypothetical,  and  as  beitig  entirely  unsupported  by  cx)>erience. 

The  view  that  the  boiler  exploded  from  excessive  and  unusual  pres- 
sure, consequent  upon  the  safety-valve  and  junction-valve  being  both 
closed  at  the  same  time,  is  thought  to  be  au  unnecessary  suppoaitiou. 
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considering  the  workmansliip  of  the  boiler,  as  well  as  its  condition 
and  the  treatment  it  received,  all  of  which  have  been  previously  de- 
scribed. A  boiler,  roughly  made  as  this  was,  of  plates  of  excessive  and 
varying  thickness,  having  an  unusually  wide  overlap,  and  being  in  a 
leaking  condition,  with  its  seams  choked  up  with  bran  and  horse  dung, 
such  a  boiler  when  exposed  to  the  action  of  an  external  fire  would  be 
utterly  untrustworthy,  and  the  mere  pressure  of  steam  by  no  means 
the  only  element  of  weakness.  Such  thick  plates,  unless  most  kindly 
laid  together,  would  be  fighting  one  against  another,  especially  under 
the  action  of  the  fire,  when  unequal  expansion,  aggravated  by  the 
varying  thickness  of  the  metal,  would  be  sure  to  ensue.  Moreover, 
had  the  pressure  in  the  boiler  at  the  time  of  explosion  been  higher 
than  that  at  which  it  ordinarily  worked,  or  indeed  equal  to  it,  viz  : 
40  ibs.,  the  main  portion  of  the  shell  would  never  have  remained  so 
near  to  its  original  seating  as  it  did,  and  thus  the  position  of  the  frag- 
ments can  only  be  accounted  for  by  the  supposition  that  the  steam 
was  low  at  the  time  of  explosion,  which  is  borne  out  by  the  fact  that 
there  was  not  power  enough  to  drive  the  engines,  and  they  were  stop- 
ped in  consequence. 

This  explosion,  therefore,  can  only  be  regarded  as  an  additional 
illustration  of  the  dangerous  character  of  the  externally-fired  boiler, 
especially  when  improperly  repaired  and  carelessly  attended  to.  The 
constant  allusion  to  such  cases  may  be  tedious;  but  the  subject  is  only 
recurred  to  on  the  repetition  of  explosion;  and  it  is  trusted  that  the 
persevering  statement  of  these  facts  will  assist  in  removing  from  gene- 
ral use  so  dangerous  a  class  of  boiler  as  those  externally-fired  have 
proved  themselves  to  be. 

No.  39  Explosion,  which  was  attended  with  the  death  of  one  person 
and  injury  to  four  others,  occurred  to  a  boiler  working  at  a  cotton  mill, 
and  not  under  the  inspection  of  this  Association. 

The  boiler  which  was  fifteen  years  old,  was  of  plain  double-flued 
construction,  internally-fired,  and  of  the  class  termed  Lancashire,  its 
length  being  32  feet,  its  diameter  8  feet  in  the  shell,  and  3  feet  in  the 
flues.  It  worked  alongside  of  another  boiler  very  similar  to  itself,  and 
to  which  it  was  connected. 

The  boiler  had  rent  at  the  bottom  of  the  shell,  immediately  over 
the  mid-feather  wall  on  which  it  had  rested.  This  rent,  which  may 
be  termed  the  primary  one,  extending  longitudinally  for  about  two 
rings  of  plates,  and  then  assumed  a  transverse  direction,  running  com- 
pletely round  the  boiler  and  severing  an  entire,  though  rather  irregu- 
larly-shaped, belt  from  the  shell.  The  front  end  plate  was  separated 
from  the  other  part  of  the  boiler,  while  the  furnace  tubes,  which  ap- 
peared perfectly  sound  remained  attached  to  the  rest  of  the  shell, 
•which  had  been  thrown  out  of  its  original  seat  and  turned  bottom  up- 
wards. The  longitudinal  stays  for  stiffening  the  end  plates,  though 
massive,  were  curled  up  into  a  scroll,  and  the  transverse  ones,  which 
should  never  be  introduced  in  a  cylindrical  boiler,  proved,  as  might 
have  been  expected  of  no  assistance  in  strengthening  the  shell. 

The  damage  to  the  surrounding  property  was  serious,  a  considerable 
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portion  of  the  mill  being  unroofed,  and  one  of  the  side-walls  blown 
down,  while  the  boiler-house  was  reduced  to  a  heap  of  ruins. 

As  to  the  cause  of  the  explosion  there  can  be  no  question  ;  there 
was  no  evidence  of  shortness  of  water,  the  furnace  crowns  being  unin- 
jured ;  but  on  examining  tlie  edges  of  the  plates  at  the  primary  rent, 
which  had  occurred  over  the  mid-feather  wall,  their  thickness  wa»  found 
to  have  been  so  reduced  by  external  corrosion  as  not  to  exceed  that 
of  a  half-penny  piece. 

In  the  scientific  evidence  given  at  the  inquest,  the  plan  of  setting 
boilers  upon  mid-feather  walls  was  strongly  condemned,  and  the  cor- 
rosion so  IrerjueJitly  induced,  and  at  the  same  time  treacherously  con- 
cealed by  them,  clearly  pointed  out.  Of  the  truUi  of  this  there  can 
be  no  f|uestion;  and  it  is  diflicult  to  say  anything  more  upon  the  dan- 
ger of  these  mid-feathers  than  has  alrca<ly  been  said  in  previous  reports 
while  the  occurrence  of  the  explosion  in  the  present  instance  afford?* 
an  a<lilitional  illustration  of  the  correctness  of  the  views  so  fretiuently 
expresseil. 

'J'he  jury  considered  that  this  explosion  would  have  been  prevented 
by  flue  precaution  on  the  part  of  the  owner,  and  therefore  brought 
him  in  guilty  of  manslaughter. 


The  Proiluction  of  Sulphur  in  Italy.    By  M.  P.  BlANCUl. 

From  the  Londun  Cliemioil  New*.  No.  £25. 

The  sulphur  at  present  produced  in  Italy  amounts  to  no  less  than 
800,000  tons  a  year,  the  value  of  which  in  the  rough  state  is  30,000,- 
000  francs.  This  yield,  which  has  increasetl  ten-fold  since  1S30,  !.•* 
furnished  in  great  part  by  Sicily.  The  quantity  produced  in  Ilomagna, 
formerly  but  small,  has  since  increased  to  8000  tons  per  annum. 

l)uring  the  last  ten  years  great  improvements  have  been  intro<luccd 
in  the  method  of  extracting  sulphur  from  its  calcareous  gangue.  Jt 
is  always  obtained  by  liciuefaction  by  burning  a  portion  of  the  ore; 
but  this  operation  formerly  performed  in  small,  open,  cylindrical  fur- 
naces {calcarelle)  is  now  effected  by  simjdy  heaping  the  stones  and 
covering  them  with  earth  as  in  charcoal  burning.  These  heaps,  called 
calcaroni^  arc  of  considerable  size,  often  four  hundred  times  larger 
than  the  old  furnaces.  This  new  mode  of  operating  has  the  advantage 
of  diminishing  the  losses  occasioned  by  the  production  of  sulphuruu.-* 
acid,  so  that  the  yield  of  sulphur  is  increased  by  one-fifth;  besides  sul- 
phur can  be  burnt  in  this  way  near  houses  attd  gardens,  which,  with 
the  old  method  was  out  of  the  question.  Formerly  it  was  burnt  only 
at  certain  periods  of  the  year,  now  it  can  be  burnt  at  any  time,  so  that 
it  is  no  longer  necessary  to  accumulate  large  quantities  of  ore.  Finally, 
the  operation,  which  used  to  be  very  frequently  fatal  to  the  workmen, 
is  now  almost  harmless. 

Sulphur  of  liomaqna  and  the  M^irshet. — At  Bologna  there  is  a  so- 
ciety called  "Soci6t6  des  Mines  de  ISoufre  des  llomagnes,"  which  po>«- 
ncsses  eight  mines,  five  in  the  province  of  Forli  (Komagna)  calUJ 
Firmignauo,  Luzzcna,  Fosco,  Busea,  and  Moutemamro.     The  other 
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three,  forming  part  of  the  province  of  Urbino  and  Pesaro,  are  those 
ot  lerticara,  Marazzana,  and  Montecchio. 

^    Most  of  the  sulphur  from  these  workings  is  refined  at  Rimini,  whence 
It  is  carried  to  the  places  where  it  is  most  in  demand,  such  as  Venice 
ineste,  Ancona,  Lombardj,  Tuscany,  &c. 

This  refined  sulphur  is  chiefly  used  for  making  sulphuric  acid,  and 
lately  for  the  treatment  of  the  vine.  Its  price,  which  varies  consider- 
ably, is  in  cakes,  from  213fr.  10c.  per  English  ton  of  1-015  killo- 
grammes  and  in  sticks  from  254fr.  35c.,  put  on  board  vessels  in  the 
ports  of  Rimini  and  Cesenatico,  and  delivered  at  the  stations  of  Rimini 
and  Cesana. 

Sulphur  from  the  Neapolitan  Provm^e*.— Sulphur  is  found  here  in 
several  places,  but  in  small  quantities.  It  is  thus  found  in  the  volcanic 
region  of  Soitatares,  where  it  exists  mixed  with  clav  and  other  matters 
Irom  which  It  is  separated  by  sublimation,  but  the  yield  is  insicrnificant. 
femall  deposits  of  it  are  found  scattered  in  the  district  of  Maiella  one 
of  which  IS  worked  at  Santa-Liberata.  It  has  recently  been  announced 
that  there  has  been  discovered  at  Civita-Kova  a  bearing  of  calcaire 
impregnated  with  sulphur,  but  nothing  has  been  said  as  to  its  richness 
and  extent.  No  more  is  known  of  another  bearing  at  Santa-Re<nna 
two  miles  east  of  Ariano.  °      ' 

Sulphur  of  Sicily. —Sxxl^Vxxx:  exists  here  in  a  gypseous  bed,  layers 
of  which  extend  over  a  small  portion  of  the  island,  from  Mount  Etna 
to  near  Irapani.  This  formation  belongs  to  a  geological  epoch  which 
has  not  yet  been  positively  determined.  Here,  as  in  Romagna,  it  con- 
tains, besides  gypsum,  calcaires  and  clays,  more  or  less  marl.  In  the 
first  case,  the  sulphur  exists  in  a  state  of  mixture,  sometimes  uniform- 
ly, sometimes  irregularly,  sometimes  in  small  parallel  veins  and  more 
rarely  in  the  form  of  crystals;  in  the  latter  case  it  is  not  unusual  to 
find  It  associated  with  ccvlestine,  or  sulphate  of  strontium.  In  clay 
on  the  contrary,  it  is  found  in  globular  masses  which  is  also  the  case 
in  similar  bearings  in  Continental  Italy. 

There  are  about  fifty  mines  in  Sicily,  employing  20,000  workmen 
The  most  productive  mines  are  in  the  provinces  of  Caltanisetta  and 
Ixirgenti;  ranging  next  la  importance,  are  those  of  the  provinces  of 
Catana,   Palermo    and  Trapani.     The   sulphur  is  extracted   in    the 
manner  above  described  by  means  of  calcaroni;  the  loss  durinrr  the 
operation  amounts  to  one-third  of  the  ore.     Most  of  the  sulphur  is 
exported  in  the  crude  state,  but  little  being   refined  in  the  island 
In  this  state  it  is  divided  into  three  qualities,  the  second  and  third  be- 
ing subdivided  into  three  other  qualities.  The  yield  in  1861  was  esti- 
mated at  about  240,000  tons  of  commercial  sulphur,  of  which  about 
half  was  produced  by  the  province  of  Caltanisetta,  a  third  by  Girgenti 
25,000  by  Catana,  and  20,000  by  Palermo;  the  quantity  produced  by 
the  province  of  Trapani  is  very  inconsiderable.     Most  of  the  sulphur 
13  exported  to  France  and  England. 

-.oJn^  P"f?  ^^^^'^  product  has  risen  during  the  last  few  years;  in 
1850  It  sold  in  the  crude  for,  from  15  to  20  frs.  the  ion.-^Monitmr 
fieientifi(^ue,  v.  799.  63. 
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Ap})aratu8  for  the  Prevention  of  Steam  Boiler  ExploBions  and  Rail- 
way Accidents. 
[From  the  I'roccedinijs  of  the  London  Association  of  Foremen  Engineers.] 

From  thn  L'ni'l.  Meclianici'  Ma;;iizine,  S^pt.,  18<aS. 

The  Chairman  called  upon  Mr.  Gettliffe  to  read  his  promised  paper 
on  "  an  A[)paratu3  for  the  prevention  of  Steam  Boiler  Explosions  and 
llailway  Accidf-nts."  Tiiat  jrentleman,  after  some  preliiiiiriary  obser- 
vations, proceeded  to  say  tliat  the  apparatus  in  question  was  thr  in- 
vention of  M.  Auguste  Achard,  C.  E.,  of  Paris,  and  that  it  was  known 
in  France  under  the  title  of  the  *' Embrayage  Electrirjue."  It  was 
calculated  to  maintain  a  constant  level  in  steam  boilers  by  automatic 
means,  and  without  the  assistance  or  supervision  of  the  engine-man. 
This  regulator,  as  it  might  be  termed,  consisted  of  a  ratchet  whcil  of 
peculiar  construction,  ami  which  was  keyed,  upon  a  spindle  turning 
freely  in  its  bearings.  Right  and  left  of  the  wheel  were  mounted, 
loosely  on  the  spindle,  two  wrought  iron  levers  of  about  20  ins.  each 
in  length,  and  connected  together  by  cross-pieces.  A  two-armed  ''click" 
supported  by  the  levers,  turned  frt-ely  round  an  axis.  The  double  click 
acted  freely  upon  the  ratchet  wheel  whicli  was  furnished  with  two  sets 
of  teeth,  turned  in  opposite  directions  to  each  other,  and  separated  by 
a  blank  space.  The  click  was  fitted  with  a  tail-piece  in  the  form  of  a 
fork,  the  two  prongs  of  which  were  braced  together  by  a  cross  rod. 
In  the  fork  was  mounted  an  "armature,"  which  was  provided  with  an 
opening  through  which  passed  the  cross  piece.  The  armature  was 
made  of  brass,  and  to  it  was  attached  a  plate  of  soft  iron  titteil  in  so 
ns  to  be  flush  with  the  surface  of  the  armature.  Opposite  to  this  latter 
was  placed  a  horizontal  electro-magnet,  the  poles  of  which  abutted 
against  the  armature  in  such  a  way  as  that  it  (the  armature)  could  only 
Blide  against  the  poles  without  coming  into  itnmediate  contact  therewith. 
The  part  played  by  the  armature  was  merely  to  act  as  a  weight  on 
the  levers  supporting  the  fork  ;  for  it  would  be  understood  that  when  the 
electric  current  was  in  circulation,  the  armature  would  be  suspended  by 
its  adherence  to  the  electro-magnet,  and  thus  relieve  the  fork  of  its 
■weigiit.  The  suspension  of  the  current,  on  the  contrary,  would  cause  it 
to  drop  on  the  cross-piece  connecting  the  levers,  and  thus  alter  the 
gravity  of  the  fork.  It  was  these  alternations  of  the  weight  on  the  tail- 
piece of  the  levers  which  caused  the  fork  to  act  upon  the  upper  or 
lower  set  of  teeth  on  the  ratchet  wheel;  or  in  other  words,  to  open  or 
shut  the  feed-cock  of  the  boiler.  It  was  necessary  that  the  fork  should 
have  continual  motion — a  kind  of  pump-handle  movement  indeed — 
■which  could  be  eft'eeted  by  a  simple  contrivance  (a  small  eccentric,  for 
instance,  attached  to  a  running  shaft  on  the  general  machinery).  The 
effect  would  be  that  the  compound  ratchet  wheel  would  be  acted  upon 
and  moved  in  one  direction  when  the  boiler  re(|uirL'd  feeding,  and  in 
the  other  when  it  had  been  fed  sufficiently.  If  all  were  going  on  well, 
the  click  would  be  simply  moved  over  the  blank  portion  of  the  wheel, 
and  communicate  no  motion  whatever  to  it.  Proceeding  now  to  the 
general  action  of  the  contrivance,  the  reader  proceeded  to  state  that 
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when  the  current  was  broken  off  from  the  electro-magnet,  the  weight 
of  the  armature  operating  upon  the  cross-piece  would  press  down  the 
tail-piece  of  the  levers  carrying  the  click,  which  latter  would  rise  and 
act  with  its  lower  arm  upon  the  ratchet  wheel.  The  consequence 
would  be,  that  the  wheel  would  turn  from  left  to  right  to  the  extent 
of  one  tooth,  or  about  half  an  inch,  at  each  oscillation  of  the  levers, 
until  the  blank  space  presented  itself  and  stopped  further  movement. 
This  would  be  at  a  point  when  the  wheel  had  made  one-fourth  of  a 
revolution.  On  the  other  hand,  when  the  current  was  in  circulation, 
the  armature  in  sliding  against  the  poles  of  the  electro-magnet,  would 
bring  the  plate  of  soft  iron  into  contact  with  the  poles,  which  would 
then  hold  it  firmly,  and  prevent  the  armature  descending  with  the  click 
during  the  downward  oscillation  of  the  levers.  The  tail-piece  would 
thus  be  relieved,  and  not  have  to  support  any  weight  while  the  levers 
rocked  in  the  opposite  direction.  It  would  follow  that  the  upper  arm 
would  then  act  upon  the  wheel  and  cause  it  to  turn  the  reverse  way, 
i.e.,  from  right  to  left.  It  w^ould  thus  become  evident  that  the  two- 
armed  click  would  act  on  the  ratchet  wheel,  and  cause  it  to  move  in 
opposite  directions,  whether  the  electric  current  were  traversing  the 
electro-magnet  or  not.  "Now,"  said  the  reader,  "the  characteristic 
feature  of  the  electric  regulating  apparatus  is  arrived  at."  The  rising 
or  fallinnf  of  the  float  in  the  boilers  of  stationary  or  land  engines  con- 
trols  the  electric  current,  and  causes  it  to  circulate  or  be  interrupted 
at  the  proper  times.  This  result  is  obtained  directly  by  the  wires 
which  proceed  from  the  pile  or  battery  being  made  to  pass  first  to  the 
float  instead  of  being  connected  immediately  to  the  electro-magnet. 
The  float  itself  was  connected  by  a  rod  with  an  index,  on  the  lever  of 
which  was  mounted  a  piece  of  wood  faced  on  one  side  with  a  brass 
plate.  On  another  piece  of  wood,  in  the  form  of  a  rocking  lever,  and 
moving  on  an  axis,  was  a  second  plate  of  brass.  The  electric  wire 
from  one  of  the  poles  of  the  battery  was  fixed  to  the  first  named  plate, 
and  the  other  end  of  the  wire,  after  traversing  the  electro-magnet,  was 
attached  to  the  other  pole  of  the  battery.  In  order  that  the  current 
might  circulate,  it  was  indispensable  that  both  plates  should  meet,  and 
from  the  peculiar  arrangement  of  the  two  metallic  plates,  they  would 
always  be  in  contact  when  the  index  was  at  zero  (the  normal  feeding 
point)  or  above  it,  but  the  contact  ceased  as  soon  as  the  index  fell  be- 
low zero.  Let  it  be  supposed  that  the  feed-cock  of  the  force-pump, 
or  other  contrivance  for  supplying  water  to  the  boiler,  was  connected 
to  the  spindle  of  the  ratchet  wheel:  it  would  follow  that  the  cock  must 
partake  of  the  movement  of  the  wheel,  and  that  it  will  make  a  quarter 
of  a  turn  in  one  direction  when  the  electric  current  circulated,  and  a 
quarter  of  a  turn  in  the  other  when  the  current  was  interrupted  ;  thus 
the  automaton  regulator,  which  was  sensitive  to  the  smallest  altera- 
tion in  the  water  level  of  the  boiler,  was  perpetually  and  inevitably 
maintaining  it  at  a  constant  height,  and  thus  one  great  scource  of  dan- 
ger was  obviated.  As  an  extra  security,  however,  against  accident  by 
explosion,  a  minor  contrivance  was  affixed  to  the  same  apparatus,  and 
which  owed  its  action  to  similar  principles.     On  the  side  of  one  of 
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the  levers  was  fastened  a  cap  with  a  pufJfreon  in  its  centre.  An  ar- 
iTiiiture  rescinblin;^  that  already  described  was  carried  by  tliis  cap 
and  rested  on  the  ^ud;;con.  In  connexion  with  the  .second  armature 
was  placed  an  electro-magnet,  against  which  it  was  made  to  slide  an<l 
press  constantly  upon  the  poles.  It  was  still  the  index  of  the  water 
gauge,  which  induced  the  circulation  or  effected  the  interruption  of 
the  electric  current;  and  the  (?ame  electric  pile  or  battery,  compfised 
of  a  single  element,  or  Daniel's  pair,  sufiiccd  to  put  in  motion  the  two 
electro-magnets.  The  electric  wire  which  proceeded  from  one  of  the 
poles  of  the  battery,  and  was  affixed  to  the  brass  plate  on  the  lever 
of  the  inilex,  served  for  the  two  electro-magnets  also.  The  returning 
wire  corresponding  with  that  about  to  be  describctl,  however,  was  fixed 
to  a  tiiird  brass  plate,  and,  after  traversing  the  electro-magnet  was  at- 
tached to  the  second  pole  of  the  battery.  The  last  mentioned  [)late 
was  arranged  in  such  a  manner  as  to  establish  a  metallic  contact,  which 
permitted  the  electric  current  to  pass,  notwithstanding  the  variation 
in  the  level  of  the  water  to  the  extent  of  an  inch  above  or  below  its 
proper  line.  If  the  variation  exceeded  tiiese  limits,  the  current  would 
be  forcibly  broken.  When  tlie  electric  current  was  in  circulation — 
that  is  to  say,  wlien  the  lever  was  between  the  limits  of  variation  named 
— the  armature  would  be  suspended  by  the  adhesion  of  the  second  elec- 
tro-magnet; but  if  the  level  rose  or  fell  beyond  those  points  the  arma- 
ture, from  the  current  being  broken,  must  fall.  In  either  case,  a 
small  tappet  fixed  to  the  armature  below  tiie  gudgeon  touches  an  alarm 
lever  and  thus  rings  a  bell.  This  arrangement  was  also  serviceable  in 
Other  respects.  The  alarm  bell  rings  when  the  feed  pump  is  out  of 
order;  when  the  electric  pile  ceases  to  act ;  if  the  stoker  neglects  the 
fire;  or  if  steam  is  generated  too  r:ipidly.  The  reader  proceeded  to 
point  out  the  application  of  the  "  Embrayage  Electriijue  "  to  the  pre- 
vention of  railway  accidents  by  connecting  it  with  brakes  upon  the 
wheels  of  the  engines  and  carriages,  and  certainly  gave  some  very 
practical  illustrations  of  its  value  and  efficacy  in  this  respect.  In 
France  it  is  extensively  used,  and  testimonials  in  its  favor  from  many 
eminent  scientific  men  were  submitted  to  the  Associated  Foremen  En- 
gineers on  Saturday  night.  Mr.  GettlifTe,  moreover,  exhibited  the  ap- 
paratus itself  to  his  audience,  and  thus  gave  them  a  further  opportu- 
nity of  juilging  of  its  characteristics. 

On  the  conclusion  of  the  paper,  a  short  discussion  arose;  and  in  this 
Messrs.  M.  Jones,  Ives,  l>iiggs,  and  Uragg  took  part.  In  reply  to 
questions  put  by  these  gentlemen,  the  reader  stated  that  at  the  \\i»rks 
of  Mr.  Carter,  engineer,  iS:c.,  Grove,  Southwark,  an  apparatus  of  the 
kind  he  hail  attempted  to  describe  might  be  seen  in  daily  action,  as 
also  at  Messrs.  Simpson's,  in  Little  Britain  City.  The  office  of  M. 
Achard  was  at  1  Little  Carter-lane,  St.  Paul's. 

The  Chairman  then  proposed  a  vote  of  thanks  to  Mr.  GettlifTe  for 
the  able  way  in  which  lie  had  explained  an  ingenious  apparatus  of 
great  interest  to  the  members  of  the  Society  of  Foremen  Encineers. 
lie  had,  from  what  he  had  heard  and  seen  im  that  evening,  formed  a 
good  opinion  of  the  contrivance,  and  he  should  take  an  early  opportunity 
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of  witnessing  its  action.  The  time  was  approaching  when  Electricity 
would  become  a  universal  handmaiden  to  applied  science,  and  mechani- 
cal men  would  do  well  to  study  closely  its  phenomena.  M.  Achard 
had,  in  the  production  of  his  "  Embrayage  Electrique  " — in  substitu- 
tion for  the  title  of  which  an  English  one  must  be  found  as  expressive 
— demonstrated  his  great  talent,  and  in  Mr.  Gettliffe  he  had  found  an 
excellent  expositor. — The  vote  of  thanks  having  passed,  the  meeting 
shortly  after  separated. 
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By  J.  J.  BiRCKEL. 

From  the  London  Artizan,  Jan.,  1864. 

In  our  paper  of  January,  1863,  we  have  shown  that  the  total  quan- 
tity of  heat  contained  in  a  given  weight  of  steam  remains  practically 
constant  for  all  pressures,  and  we  have  therefrom  drawn  the  conclusion 
that  steam  engines  become  more  economical  gradually  as  the  working 
pressure  of  the  steam  increased,  without,  however,  giving  any  numeri- 
cal value  to  the  rate  of  increase  of  economy  with  pressure.  As  this 
subject  cannot  be  too  forcibly  impressed  upon  the  minds  of  our  readers, 
having  been  enabled  to  supply  this  interesting  item  of  information  by 
means  of  the  data  on  the  density  of  steam  furnished  to  us  by  Drs.  llan- 
kine  and  Fairbairn,  which  we  have  embodied  into  our  paper  of  October, 
1863,  we  now  give  the  same  in  the  table  below,  and  the  mode  of  obtain- 
ing it  is  as  follows: — 

1st.  For  a  given  volume  of  steam  the  quantity  of  energy  created  va- 
ries directly  as  the  pressure ;  2d.  The  total  heat  contained  in  two 
equal  volumes  of  steam  of  different  pressures  is  proportional  exactly  to 
their  respective  densities;  and  the  economic  value  or  the  absolute  en- 
ergy contained  in  steam  is,  therefore,  represented  by  the  ratio  of  the 
rates  of  increase  of  density  with  pressure. 

With  regard  to  the  useful  work  obtained  from  steam,  it  may  be  as- 
sumed in  this  comparison  that  in  non-condensing  engines  all  steam 
admits  of  being  expanded  down  to  the  pressure  of  the  atmosphere,  and 
that  the  whole  of  the  energy  contained  in  atmospheric  steam  is  absorbed 
by  the  resistance  of  the  atmosphere;  upon  these  assumptions  the  quan- 
tity of  work  in  foot-pounds  contained  in  a  pound  weight  of  steam  at  any 
pressure  is  expressed  by  the  formula  (1), 

'pvl^  1  -;-  hyp.  log.-^L  ^— 7>j  V,  .  .  (1) 

where  p  and  v  stand  for  the  pressure  per  square  foot,  and  the  volume 
in  cubic  feet  of  a  pound  of  steam  of  any  density,  and  2^,  and  %\  for  the 
pressure  and  volume  of  a  pound  of  steam  at  the  atmospheric  pressure; 
the  results  of  this  formula  are  contained  in  column  5  of  the  table  be- 
low, and  the  rate  of  increase  of  efficiency  or  the  economic  value  of  the 
steam  is  contained  in  column  6. 
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It  may  not  be  •without  interest,  while  engaged  upon  this  subject,  to 
extend  this  comparison  to  condensing  engines,  in  the  case  of  which  it 
may  be  assumed  that  steam  at  any  pressure  can  be  expanded  down  to 
5  ibs.  below  the  atmosphere,  and  that  one-half  the  energy  contained 
in  steam  at  the  atmospheric  pressure  is  absorbed  by  the  air-pump  and 
the  condenser,  though  in  practice  it  never  reaches  that  amount;  the 
work  in  foot  pounds  contained  in  a  pound  of  steam,  at  any  pressure,  is 
then  expressed  by  formula  (2), 

;)t;^l-f  hyp.  log.-"^  j— ^/j,  V,  .  .          (2) 

TN-herc  p  V  and  'p^  i\  retain  their  former  meaning,  and  Vg^^presents  the 
volume  in  cubic  feet  of  a  pound  of  steam  at  5  Ifos.  below  the  atmospheric 
pressure;  the  results  of  this  formula  are  contained  in  column  7,  and  the 
rate  of  economy  in  column  8.  For  the  information  of  those  who  arc  of 
opinion  that  the  condenser  has  become  a  useless  adjunct  to  the  steam 
enc^ine,  and  should  be  consigned  to  its  grave  alongside  the  immortal 
"Watt,  its  fatlier,  we  have  given  in  column  9  the  relative  economy  of 
condensing  engines  compared  with  non-condensing  engines,  and  we  shall 
be  much  surprised  if  these  figures  do  not  cure  those  who  labor  under 
the  above-named  delusion,  should  they  cast  their  eyes  upon  these  pages; 
these  figures,  in  fact,  show  that  at  any  pressure  condensing  engines 
must  be  more  economical  than  non-condensing  engines  working  at  the 
Bame  pressure;  and  from  columns  7  and  5,  it  may  be  seen  that  steam 
at  55  tt)s.  effective  pressure  in  condensing  engines  yields  as  high  a  duty 
as  steam  at  150  ft)s.  efi"ective  pressure  in  non-condensing  engines ;  and 
this,  no  doubt,  does  account  for  the  fact  that  the  locomotive  engine, 
though  working  under  great  disadvantages,  such  as  high  velocities  of 
piston,  contracted  and  difficult  steam  passages,  cooling  influence  of  the 
atmosphere,  and  otiiers,  works  nearly  as  economically  now  as  the  marine 
engine  or  even  the  stationary  engine. 

It  is  to  be  regretted,  however,  that  superficial  observers,  instead  of 
tracing  this  latter  fact  to  its  real  source,  have  drawn  from  it  the  con- 
clusion that  very  high  speeds  of  piston  are  not  detrimental  to  the 
economic  working  of  the  steam  engine,  and  are  advocating  high  piston 
speeds  in  consequence ;  although  all  observations  with  the  indicator 
show,  and  scientific  reasoning  sustains  the  fact,  that  steam  working 
under  such  conditions  loses  a  great  per  centage  of  its  energy  through 
wire  drawing  and  friction. 

We  are  fully  aware  that  the  quantities  of  work  given  in  columns  5 
and  7,  are  not  actually  realized,  but  the  ratios  given  in  columns  6  and 
8  are  not  on  that  account  considerably  altered.  We  know  also  that 
steam  is  not  expanded  down  to  the  limits  we  have  assumed,  but  the 
assumption  which  we  have  worked  upon  only  shows  in  a  less  favorable 
light  the  one  fact  which  we  have  desired  to  impress  upon  the  minds 
of  our  readers,  viz  :  that  the  steam  engine  becomes  economical  in  pro- 
portion as  high  pressure  steam  is  used. 
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Prevention  of  iJecay  and  Oxidation  in  Shipt. 

From  the  Joaro»l  of  the  Kodrtj  of  Art*.  No,  &7'i. 

As  tlifi  prevention  of  decay  in  the  timbers  of  wooden-built  ships,  and 
tlie  fouling  and  oxidation  of  the  plates  of  iron  ehips,  have  received 
considerable  attention  from  the  Admirality  and  Merchant  Sliip-owncra, 
the  following  rename  of  all  the  specifications  at  thel'atent-Otlice  bear- 
ing on  this  subject  is  given  : — 

Dipping  timber  in  boiled  oil  is  a  very  ancient  practice,  and  it  would 
be  dithcult  to  trace  its  origin.  In  llii'J  Alexander  Ernerton  took  out 
the  first  recordeil  patent  for  preserving  W(jod  from  decay.  He  prepar- 
ed the  planks  or  boards  with  boiling  oil  in  the  then  old  way,  and 
afterwanls  coated  them  with  compounded  poisons,  powdered  glass,  and 
sand,  cemented  with  painting  colors  and  oils,  laid  on  as  paint.  Tho 
next  patent,  which  was  for  preserving  copper,  or  plates  of  which 
copper  is  a  basis,  was  granted  in  ITUO,  to  Collins  k  Wyatt.  They 
covered  the  plates  with  lead  or  tin.  In  the  earlier  part  of  the  present 
century  several  chemists  recommended  decoctions,  in  the  form  of  vege- 
table poisons,  for  saturating  timber,  and  thus  destroying  all  animal 
life  in  the  green  wood.  None  of  these  poisonous  solutions  seem  to 
have  succeeded,  for,  had  they  been  found  efficacious,  their  application 
would  have  been  continued.  There  was  then  an  interval,  during  which 
the  stoppage  of  decay  seems  to  have  been  abandoned,  and  dry  rot 
allowed  to  take  its  course.  In  182"J,  John  O.xford  secured  a  patent, 
whereby  he  undertook  to  prevent  oxidation  or  decay  in  iron  or  wood, 
by  preparing  tar  in  such  a  manner  as  to  stop  the  evaporation  of  tho 
oil  contained  therein,  saturating  it  also  with  chltjrine  gas.  This  puri- 
fied oil  is  then  mixed  with  lUO  parts  of  white  lead — or  of  red  oxide — 
25  parts  of  carbonate  of  lime,  ai»d  25  parts  of  purified  coal  tar  added 
to  tlie  oil  of  tar.  These  ingredients  are  then  applied  as  a  paint.  In 
the  first  days  of  iron  in  ship-building,  rust  was  found  to  bo  a  drawback 
to  its  general  introduction.  Scientific  men  saw  the  disadvantage,  and 
sought  to  remcfly  the  defect.  Galvanic  action,  it  was  consiiiered, 
would  set  all  right,  and  the  earliest  patent  in  this  direction  was  taken 
out  by  G.  G.  IJompass,  in  1830.  He  sought  to  preserve  metals  from 
corrosion  by  an  electric  or  galvanic  process.  Fur  copper  to  be  pro- 
tected in  sea-water  he  attaches  an  alloy  of  0  to  10  parts  of  zinc  witb 
100  parts  of  copper.  In  protecting  iron  he  employed  an  alloy  of  tin 
consisting  of  from  10  to  150  parts  of  tin  combined  with  one  of  zinc. 
Following  in  the  footsteps  of  Mr.  IJompass,  in  tho  same  year,  Mr. 
.Tohn  Revere  patented  an  invention  for  fixing  zinc  protectors  to  tbo 
brace  or  stud  of  chain  cables,  and  other  iron  surfaces  exposed  to  the 
action  of  salt  water.  These  galvanic  zinc  protectors  were  riveted  or 
soldered  on  according  to  re(juirement.  It  is  known  that  one  of  the 
most  distinguished  of  our  electricians  is  in  favor  of  inserting  strips  of 
zinc  in  the  plates  of  ships;  but  if  this  principle  proved  eorrtcl  m 
practice,  it  would  long  since  have  been  universally  adopted.  Zinc  playM 
an  important  part  in  patents  for  the  prevention  of  oxidation.  In  ISJ? 
Jacob  Perkins  got  protection  for  a  plan  of  coaiiug  copper  tubes  of 
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boilers  with  a  preparation  consisting  of  two-thirds  of  zinc  with  one- 
third  of  copper  ;  but  he  had  been  preceded  in  1832  by  Captain  II. 
W.  Craufurd,  R.N.,  who  proposed  to  preserve  copper  and  iron  from 
oxidation  by  coating  with  zinc  paint  in  a  fused  state.  Over  this  he  laid 
a  second  covering  of  pure  tin,  or  tin  alloyed  with  lead.  Captain  Crau- 
furd explains  in  detail  his  method  of  compounding  the  ingredients.  In 
1838,  Le  Comte  de  Fontainemoreau,  considering  Captain  Craufurd'3 
mode  of  fixing  or  adapting  the  zinc  to  this  purpose  as  erroneous,  ap- 
plied for  a  patent  of  a  more  comprehensive  description,  for  applying 
the  zinc  coating  to  metals.  Again,  in  1839,  Mr.  Thomas  Dowling 
patented  what  he  terms  a  conservative  bath,  applied  to  metals  after 
grinding.  lie  describes  the  machinery  by  which  he  effects  this,  the 
chief  of  which  is  a  zinc  wheel  and  galvanic  vapor  furnace. 

In  1840,  Mr.  J.  U.  Neilson  came  forward  with  his  invention  for  the 
application  of  a  coating  of  copper,  or  copper  alloyed  with  zinc  or  tin, 
or  both,  to  the  surface  of  iron.  This  was  done  by  covering  the  niouM 
to  be  cast  with  the  material.  In  malleable  iron,  dried  borax  or  ilux 
is  spread  over  the  iron,  which  is  then  prepared  with  alloy  heated  to  a 
temperature  sufficient  to  melt  copper,  and,  in  its  heated  state,  plunged 
into  cold  water  to  detach  the  scale  of  oxide.  Mr.  Arthur  Wall,  like- 
wise in  1840,  mixed  20  pounds  of  the  strongest  muriatic  acid  diluted 
witii  three  gallons  of  water,  then  added  12  lbs.  of  steel  or  wrought  iron 
tiiinjrs.  The  filin^rs  were  heated  to  redness  before  mixture.  The  whole 
was  then  subjected  to  heating  in  a  pan,  &c.,  and  the  composition  was 
then  applied  to  prevent  corrosion.  In  1841,  Mr.  W.  E.  Newton  em- 
ployed silicates  of  potash,  or  soda,  fur  making  a  plaster  or  coating  to 
])revent  iron  from  becomingrusty.  After  him  came  Professor  II.  Mallet, 
Engineer,  of  Dublin,  whose  varied  processes  are  of  the  most  complex 
character.  Finding  that  iron  covered  with  zinc,  when  immersed  in 
sea-water,  and  certain  fresh  waters,  gathered  to  itself  a  coating  of  car- 
bonate of  lime,  destructive  to  the  protective  power  of  the  zinc,  and  afford- 
ing a  surface  for  the  attachment  and  growth  of  marine  animals  of  the 
molluscous  and  testaceous  classes,  and  aquatic  plants,  he  applied  chemi- 
cal means  to  detach  the  scales  of  oxide  from  iron,  and  then  plunged  it 
into  a  preparing  bath.  After  undergoing  a  series  of  processes,  the 
metal  is  coated  with  an  alloy  or  zoofagous  paint,  which  paint  is  render- 
ed poisonous  by  admixture  of  salts  of  metals,  by  means  of  which  he 
sought  to  render  the  zinc  effective  as  an  anti-corrosive  protector.  In 
1841,  also,  Mr.  E.  Morewood  endeavored  to  preserve  iron  from  oxi- 
dation or  rust  by  tinning  it,  and  then  dipping  the  tin  covering  or 
surface  in  molten  zinc.  Moses  Poole,  in  1845,  claimed  to  possess  an 
invention  whereby  he  rendered  iron  more  hard  and  durable,  and  free 
from  oxidation,  by  the  use  of  ferrocyanide  of  sodium,  calcium,  barium 
or  any  other  alkali,  or  alkaline  earthy  base;  to  be  used  in  a  manner 
fully  set  forth  in  his  specification.  In  1846,  Mr.  Andrew  Smith  im- 
proved upon  the  plans  for  melting  the  zinc.  He  employed  a  bath  of 
lead  or  tin,  or  any  composition  or  medium  that  melts  at  a  lower  degree 
of  heat  than  zinc,  by  which  means  the  heat  from  the  fire  of  the  furnace 
8  taken  up  and  traasmitted  to  the  receptacle  containing  the  zinc  for 
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melting.  Baron  Wettcrstedt,  in  184G,  added  the  regulus  of  antimony 
to  lead  slieets,  combined  copper  with  antimony,  made  sheet  metal  by 
using  lead  and  tin,  and  lastly,  protected  metals  by  paints  thus  pre- 
pared : — 1st.  One  part  of  regulus  of  antimony  to  three  parts  of  copper, 
mixed,  melted  together,  run  out  into  water,  and  then  heated  gently. 
Two  parts  of  oxide  of  copper  are  added,  and  moistened  with  naphtha. 
The  whole  is  then  added  to  a  composition  of  tar  and  naphtha.  2d.  An- 
other paint  is  compounded  of  30  lbs.  of  tar,  30  lbs.  of  pitch,  20  lbs.  of  dried 
soot,  4  lbs.  of  tallow  from  sperm  oil,  and  naphtha  added  for  consistency. 

Mr.  C.  H.  Paris,  in  1849,  coated  metals  with  glass  or  vitreous  matter. 
The  metal  went  through  a  cleansing  process.  Gum  water  is  then  ap- 
plied, and  over  this  the  dry  or  powdered  glass  is  shaken,  and  then 
fused  by  heat  till  a  glass  surface  is  formed.  Mr.  Paris  claimed  the 
application  of  carbonate  of  soda  for  applying  glass  in  this  manner. 
Mr.  J.  Macintosh,  in  1852,  made  a  paint  from  decomposed  india-rubber 
in  combination  with  oils  or  fatty  matter,  saponified  by  metallic  salts, 
with  lime  for  thickening  the  lifjuid.  For  bottoms  of  ships  he  recommend's 
the  india-rubber,  when  in  a  fluid  state,  to  be  combined  with  metallic 
soap,  thickened  with  lime  and  colored  by  pigments.  Messrs.  Hughes 
and  Firmin,  in  1852,  manufactured  lamp  black  from  the  vapor  of 
coal  tar,  dead  oil,  dead  oil  salts,  coal  pitch,  naphtha,  linseed  oil,  and 
other  materials.  From  the  products  a  fuel  is  produced,  and  this  resi- 
due has  by  another  inventor  been  mixed  with  oils,  ground  and  made 
into  a  paint.  In  1852,  also,  Mr.  R.  M.  Glover  took  out  a  patent  for 
a  preparation  of  arsenite  of  lead  and  arsenite  of  copper,  and  the  red 
and  yellow  sulphurets  of  arsenic.  The  proportion  of  each  were  as  fol- 
lows : — Two  parts,  by  weight,  of  arsenite  of  lead,  one  of  realgar,  one 
of  orpiment,  and  one  of  arsenite  of  copper.  In  the  same  year,  Mr.  J. 
Murdock  invented  a  variety  of  driers  for  zinc  when  the  white  of  zinc 
is  employed  instead  of  white  lead.  The  protoxides  are  manganese,  co- 
balt, iron,  tin,  and  nickel ;  for  acids,  the  benzoic,  urobenzoic,  and  the 
boric.  In  1852,  Mr.  Binks,  patented  a  substitute  for  linseed  or  dry- 
ing oils,  in  the  products  derived  from  dissolving  what  are  called  inso- 
luble soaps.  A  pigment  is  then  ground  in  this  solution,  and  the  paint 
is  ready  for  application.  The  pigment  may  be  white  lead,  oxide  of 
zinc,  lamp  black,  or  any  other.  J.  C.  Medeiros,  in  1853,  proposed 
the  use  of  mercury  or  quicksilver  on  iron  plates  for  sheathing  ehip?. 
The  salts  of  mercury  are  dissolved,  then  a  bath  is  formed  and  the  plates 
allowed  to  remain  in  the  solution  till  their  surface  is  equally  and  re- 
gularly amalgamated. 

Mr.  Newton,  in  1854,  made  a  paint  from  ground  plumbago,  pulver- 
ized charcoal,  and  the  black  soot  formed  by  the  burning  of  bituminous 
matter,  along  with  ivory  black,  or  bone  or  lampblack.  Mr.  Ryder 
also,  in  1854,  described  a  method  for  mixing  gutta-percha  with  common 
resin,  or  tar,  pitch,  or  asphaltum,  dissolving  them  in  impure  benzole 
or  coal  naphtha.  Mr.  Newton  took  out  a  second  patent,  in  1854,  for 
the  production  of  a  siccative  black,  brown,  or  grey  pigment  or  color- 
ing matter,  by  the  admixture  with  the  gas  tar,  or  other  organic  sub- 
stance to  be  carbonized  for  the  purpose,  of  the  oxides  of  potassium, 
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sodium,  calcium,  aluminium  or  other  alkaline  or  earthy  bases  for  paints. 
Mr.  F.  Ransome,  in  1854,  patented  a  mixture,  consisting  of  ground 
oxides  and  carbonates  of  lead  or  zinc,  and  carbonate  or  sulphate  of 
barytes  ^vith  soluble  silica.  Mr.  J.  Rogers,  in  1855,  to  prevent  oxida- 
tion, deoxidizes  metallic  ores  by  a  revolving  cylinder,  fitted  with  helical 
or  screw-formed  divisions  to  receive  the  ores  in  a  pulverized  state,  and 
then  submits  the  same  to  heat,  and  constant  agitation  by  the  revolu- 
tion of  the  cylinder.  Mr.  B.  Rosenburg,  in  1855,  manufactured  a  paint 
as  follows : — 100  lbs.  of  triturated  white  lead,  2^  gallons  of  copal 
varnish,  1^  gallons  of  spirits  of  turpentine,  1|  gallons  of  linseed  oil, 
and,  for  coloring,  a  small  quantity  of  red  lead.  Before  the  metal  is 
painted  it  is  subjected  to  the  fire  for  cleansing,  and  when  cool  the  pre- 
paration is  applied,  then  varnished  with  copal,  and  dried  by  a  hot  air 
process.  Mr.  J.  E.  Cook,  in  1855,  proposed  a  composition  consisting 
of  gum  shelhic,  dissolved  in  methylated  spirit  or  in  wood  spirit.  In 
1856,  the  patent  of  Messrs.  Bancroft  &  White  claims  the  manufacture 
of  oils  from  petroleum,  for  preserving  metals  and  ships'  sheathing.  Mr. 
A.  r.  Mennons,  in  1856,  obtained  a  patent  for  a  non-conducting  and 
inoxidable  composition  for  metals,  made  thus: — 

Argillaceous  claj-s,  containing  a  certain  proportion  of  alumina,  100  parts. 

Oily  substances  and  residues,                    .                    .                    .  6  " 

Oil  sediment,                           .                     .                     .                     .  5  " 

Tat,                       .                     .                     .                     .                     .  2  " 

Animal  charcoal,                    .                     .                     .                     .  2  " 

Mucilaginous  substances,  such  as  sclue,  &c.,                .                     .  2  " 
"Wood  sawdust,  already  employed  in  the  purification  of  oils  in 

the  process  of  dyeing,        .                     .                     .                     .  10  " 

'^Vaste  hair  well  beaten,        .                     .                     .                     .  4  " 

To  the  preceding  materials  a  decoction  of  logwood  and  soot  is  then 
added. 

Mr.  J.  M'Innes,  in  1850,  was  granted  a  patent  for  coating  metals 
with  powdered  emery  stone  mixed  with  a  varnish  of  shellac  dissolved 
in  spirits  of  wine,  with  the  addition  of  castor  oil.  As  emery  contains 
87  per  cent,  of  aluminium,  Mr.  M'Innes  considered  that  this  paint 
■would  be  solid  enough  to  resist  all  action  in  the  water,  and  never  de- 
compose. Mr.  R.  D.  Atkinson,  of  Hull,  in  1856,  invented  a  plan  for 
coating  and  protecting  metals  from  oxidation,  by  depositing  copper  or 
brass  upon  surfaces  of  prepared  iron,  the  deposit  to  be  melted  in  con- 
junction with  carbonic  acid  gas,  the  coating  to  be  put  on  by  a  brush, 
or  through  the  medium  of  galvanism.  Depositing  brass  on  iron  is  now 
being  successfully  carried  out  at  Portsmouth,  by  Mr.  Wielan,  on  armor 
plates  and  other  iron  surfaces.  Mr.  A.  Reid,  Mineralogist,  in  1856, 
describes  in  his  specification  what  he  deems  a  sure  way  of  preventing 
oxidation.  He  places  the  iron  in  a  properly  constructed  furnace,  then 
covers  the  metal  with  soot,  or  other  matters  possessing  the  like  element, 
the  temperature  is  then  raised  to  red  or  white  heat,  and  continued  for 
half  an  hour,  or  according  to  the  size  of  the  iron  operated  upon.  It  is 
then  suffered  to  cool,  the  surface  is  cleaned,  and  Mr.  Reid  asserts  that 
a  coat  impervious  to  rust  is  formed.  If  this  is  verified  by  positive  experi- 
ments, the  cheapness  and  simplicity  of  the  plan  deserves  to  be  widely 
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known.  Mr.  Joseph  Poleux,  of  New  York,  communicates,  in  the  same 
year,  a  plan  to  overcome  oxi«lation.  He  employs  muriatic  acid,  nitric,  or 
sulpliiiic  aci'l,  of  the  ordinary  degrees  of  concentration  in  commerce, 
withoutdilutioncomhincd  with  the  introductionof  spelterintothecleans- 
in^  process.  In  l8o7,  Mr.Ci.  Hedson  patented  a  new  process.  He  melta 
a  (juantity  of  pitch  derived  from  mineral  tar,  and  a  proportion  of  tar 
oil,  with  caoutchouc  tempere<l  with  tar  oil  and  shellac,  the  substance 
to  he  solid  and  elastic  when  cold.  Mr.  C.  F.  L.  Uudry  claims  de- 
positing; copper  on  a  preservative  or  intermediate  coating  instead  of 
on  the  metal.  He  <leposit9  cupper  in  a  pure  state  to  any  thickness  on 
nil  metals.  Mr.  C.  lies,  in  lHr>7,  describes  a  means  of  applying  earthy 
cements  to  metals.  In  1«/J8,  Mr.  J.  Coiitts  received  a  patent  for 
applying  the  following  pigment  by  heated  air: — 

CHrhonatc  of  baryta,  .  "C-'iO 

LithHrtro,  .  .                      .  -OH/i 

Arsciiixiii  acid,  .  •                    •  -M'-'M 

Aspliiiltuin,  .  •                     •  060 

Oxide  of  calcium,  .  "^^^^ 

Croosote  (oil  of  tar),  .                                          •  ■!"•'* 

Perhaps  the  most  novel  introduction  is  that  patented  here  by  Messr?*. 
PouchanI  k  Clavel,  the  Paris  bankers,  in  18')S.  On  the  estate  of  La 
Gruerie,  in  Charney,  Department  of  Yonne,  France,  is  found  an  earth 
of  the  ochre  description,  called  "Burgundy  lied."  This  earth  contain? 
most  valuable  properties,  and  is  said  to  be  an  exceedingly  good  pre- 
servative against  rust.  It  is  used  as  a  cement  and  paint  by  admixture 
with  the  following: — 

Burgundy  red,  .  .  .  CA  part*, 

(Jri'ase  of  oil,  .  .  15       ** 

Lime.  .  11       " 

Unburnt  earthenware,  chulk,  or  Roman  cement,  »      '• 

IW     '• 

This  is  said  to  prevent  oxidation  if  the  earth  is  racarly  diluted  with 
volatile  oil.     D.  M'Crae,  in  1858,  was  allowed  a  patent  for  preserving 
bottoms  of  ships  from  fouling  or  decay,      lit  a[»plies  grease  from  the 
cells  of  boiled  bones,  kitchen-^tuf^,  and  butter  without  salt ;  a  poisonou,-* 
matter  is  mixed  with  these  fatty  substances.   Mr.  G.  P.  Lock,  in  185^. 
made  a  composition  for  the  under  coating  of  iron  ships,  made  from  iron 
ore  ground  in  boiled  linseed  oil  50  per  cent.,  oil  of  turpentine  50  per 
cent.,  well  mixed.     For  the  outer  coatings,  while  lead  40  per  cent., 
blue  mineral  or  copperas  lU  per  cent.,  and  oil  of  turpentine  50  percent. 
In  IS.V.I,  Mr.  IIenry,on  the  partof  Moisant  i  Co.,8oughtproi' 
bituminous  products  and  compounds  of  bitumen  for  preventii 
tion.    Mr.  T.  J.  Laballe  made  a  preparation  of  caoutchouc  paints  and 
colors  for  vulcanizing.   Mr.  J.  Crawford,  of  Liverpool,  in  185'.*,  applied 
for  a  patent  for  a  metallic  paint  or  varnish,  composed  of  plumbago, or 
black  lead,  fine  or  gum  varnish,  arsenic,  and  spirits  of  turpentine  mi  \ 
Mr.    F.  W.  Emersitn,  in  185U,  prepared  an  anli-corro>ive  paint  \<    • 
oxi-ehloride  of  lead,  mixed  and  ground  with  oil,  turpentine,  varnish,  or 
other  vehicle.  Mr.  Weild,  in  185'J,  sought  to  economize  lirac  and  labor, 

c  • 
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by  atneclianical  machine  for  applying  paints  to  metals  enlarge  surfaces. 
Mr.  James  Meikle,  in  1859,  proposed  coating  iron  ships  with  asphalte. 
la  the  same  year  M.  Auguste  Pin  dissolved  sugar  in  muriate  of  zinc, 
then  added  wax  and  soap,  in  which  was  incorporated  calcareous  stones, 
phosphate  of  soda,  sulphate  of  zinc,  and  copper,  and  the  syrup  of 
potatoes  or  sugar,  with  powdered  marble,  quartz,  or  felspar. 

In  1859,  Mr.  F.  G.  Spilsbury,  of  Louvain,  applied  for  a  patent  for 
the  manufacture  of  a  paint.  He  took  sulphate  of  lead,  and  heated  it 
to  a  red  heat,  either  by  itself  or  mixed  with  alumina  or  other  earths ; 
the  pigment  thus  obtained  to  be  washed  first  wi*;h  sulphuric  acid,  then 
with  water,  when  it  is  finally  dried.  Previous  to  drying  the  pigments 
are  digested  with  salts  of  tungstic  acid,  molybdic  acid,  titanic  acid, 
tantalic  acid,  arsenic  acid,  acid  of  antimony,  or  other  metallic  acid, 
or  with  mixture  of  the  above  salts.  A  combination  between  the  sul- 
phate of  lead  and  the  metallic  acid  or  acids  is  obtained,  and  the  result- 
ing pigments  are  dried  in  like  manner  after  having  been  cleared  from 
all  adhering  salts.  The  pigments  may  then  be  mixed  with  oil  and  used 
as  a  substitute  for  white  lead.  Mr.  J.  F.  J.  Lccocq,  in  1860,  prepared 
a  calcareous  varnish  for  coating  iron  and  the  bottoms  of  ships.  Mr. 
H.  Kemp,  in  1860,  patented  a  composition  consisting  of  peat  tar,  wood 
tar,  methylated  spirit,  peat  oil,  or  linseed  oil,  arsenic  resin  and  carburet 
of  iron,  for  preserving  ships  bottoms.  Mr.  Allen's  plan  for  making  a 
coating  or  anti-corrosive  paint  for  metals  is  thus  given: — Ammoniacal 
liquid  obtained  from  coal  tar,  or  gas  tar,  prevents  incrustation  in 
boilers,  and  is  applicable  to  painting  the  inside  plates.  Messrs.  Pile 
and  Smyth,  of  West  Hartlepool,  took  out  a  patent  in  18G0.  They  em- 
ploy a  red  composition  and  enamel,  consisting  of  a  combination  of 
litharge,  A''enetian  red,  and  pine  varnish.  Over  this  composition  is 
applied  a  coating  of  resin,  gums,  or  any  pitch  or  bituminous  substance 
■with  the  addition  of  coal  tar  or  oil.  This  is  put  on  in  a  hot  lava  state, 
and  the  process  is  called  enameling.  An  impermeable  oil  varnish  was 
patented  by  M.  Antoine  Bonct,  in  1860,  composed  of  100  parts  of 
alcohol,  100  parts  of  spirits  of  turpentine,  one  part  of  sulphuric  ether, 
and  one  of  carbonate  of  soda. 

Mr.  Robert  Smith,  ship-owner,  of  Finsbury,  applied  to  the  Patent- 
Office,  in  1860,  to  protect  his  system  for  keeping  vessels  from  fouling 
and  worming.  He  applies  equal  parts  of  pitch,  tar,  resin,  and  turpen- 
tine, with  any  other  adhesive  compound.  Assafoetida  to  be  mixed  with 
the  foregoing,  as  a  poison  to  destroy  life.  When  the  coating  is  laid 
on,  and  dry,  the  whole  to  be  covered  with  paper  or  cloth.  Mr,  G. 
Hallet,  in  1860,  in  his  patent  explains  his  method  of  protecting  metal. 
He  grinds  the  oxide  of  antimony  to  powder,  then  dries  it,  and  mixes 
with  it  12  lbs.  of  linseed  oil  to  the  hundred-weight  of  powdered  oxide. 
Mr.  Richardson,  1861,  to  prevent  oxidation,  would  cover  the  metal 
■with  vulcanized  india-rubber,  cloth,  or  gutta-percha,  the  object  sought 
being  to  provide  for  unequal  expansion  of  the  metal  and  coating.  Mr. 
Francis  Pulz,  Chemist,  1861,  causes  oxygen  to  be  passed  through  sul- 
phuric acid,  to  render  the  oxygen  more  active  as  an  oxidizing  agent, 
txs  it  combines,  when  bo  treated,  with  other  substances  for  which  it  has 
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an  affinity,  for  manofacturinp  purposes.  Mr.  i*ulz,  also,  in  a  second 
patent,  submits  oily  matters  to  this  oxidizing  agency,  \>y  causing  the 
sulphurcted  gas  to  pass  through  them  wlien  in  a  liquid  state.  Mr. 
Martin  Miller  sends  a  communication,  in  1801,  for  coating  metals  by 
metals  or  alloys  in  difTorent  ways.  Mr.  John  Hay.  in  18t>l,  patented 
a  drying  oil.  He  lays  a  non-conducting  coat,  and  then  makes  a  paint 
by  grinding  in  linseed  oil  the  black  or  protoxide  of  copper,  wiiich  is 
then  boiled  till  reduced  to  the  .sub-oxi<le,  and  by  thus  oxygenating  the 
oil  he  claims  to  have  ff»rmed  a  quick  drying  cupreous  oil.  Mr.  .John 
Sniiler,  of  the  United  States,  patented  here  a  compound,  in  18G1,  for 
coating  metals.  He  reduces  amorphous  graphite  to  fine  powder,  and 
then  mixes  it  with  ore  by  the  agency  of  a  heated  steam-pipe.  When 
cool  and  dry,  one  pound  of  oil  is  added  to  three  pounds  of  the  powder, 
and  when  the  ingredients  are  combined,  hot  pure  bees-wax,  in  the  pro- 
portion of  one  pound  of  wax  to  10  lbs.  of  graphite,  is  mixed.  After- 
wards linseed  oil  may  be  added.  Mr.  Snider  details  his  manner  of 
manipulating  and  j)reparing  the  graphite  and  ore.  Messrs.  Hallett 
and  Stenhouse,  in  18t>l,  obtained  u  patent  for  the  manufacture  of  pig- 
ments for  coating  surfaces.  They  employ  native  oxide  of  antimony, 
chemically  treated  in  ways  too  intricate  for  explanation  in  this  abbre- 
viated outline,  and  mixed  with  red  lead  or  litharge.  They  sometimes 
take  tyj)e  metal  or  worn-out  types,  reduce  them  to  a  coarse  powder, 
and  then  mix  them  with  their  own  weight  of  zinc,  and  calcine  them. 
This  produces  a  yellow  pigment. 


Kew  Engraving  ProcenseSy — Sunk  and  in  Relief. 

Fr.iiii  tlif  I»n<lon  Uuildir,  No.  Ilea. 

Some  curious  expcrin)ents,  executed  before  the  Emperor  and  Em- 
press of  the  French,  by  M,  Dulos,  are  thus  described  in  Golignaui  s 
McftKcnger : — A  sheet  of  copper,  drawn  on  with  lithographic  ink,  is 
subjected  to  the  voltaic  pile,  by  which  it  receives  a  deposit  of  iron  on 
those  parts  not  covered  l»y  tlie  ink.  The  ink  is  then  removed  by  means 
of  benzine,  and  the  sheet  is  then  in  the  state  of  an  engraved  copper- 
plate— that  is,  the  design  is  sunk  into  the  plate,  atul  the  deposit  of  iron 
constitutes  the  lights.  The  plate  is  now  dipped  into  a  bath  of  cyanide 
of  silver  :  under  the  action  of  the  galvanic  current,  silver  is  deposited 
on  the  copper,  and  not  on  the  iron.  The  plate  is  then  taken  out,  and 
mercury  pmired  upon  it.  2S'o«v,  since  mercury  exercises  no  actio?i  on 
iron,  it  can  only  attack  the  silver  which  has  filled  up  the  lines  origin- 
ally made  with  lithographic  ink.  Hence,  where  those  lines  are,  we 
now  sec  mercury  standing  up  in  relief.  Planter  of  Paris  is  now  poured 
over  the  plate  in  this  condition,  and  thereby  an  impression  is  oI)tained 
in  which  the  reliefs  made  by  the  mercury  are  re-produced  hollow. 
[Why  the  ink  was  removed,  or  silver  deposited  in  this  case,  is  not  clearly 
stated.]  Py  the  aid  of  the  pile  copper  may  be  ileposited  on  this  im- 
pression, and  the  hollows  will  then  come  out  again  in  relief.  One  thus 
obtiiins  not  only  a  plate  which  may  he  printed  from,  but  a  nmtrix 
which  will  give  an  indefinite  number  of  plates.     For  typographic  en- 
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graving,  the  sheet  of  copper,  after  being  drawn  upon,  receives  a  coating 
of  silver,  which  only  goes  upon  the  metal,  leaving  the  lithographic  ink 
untouched.  The  ink  is  removed,  as  before,  by  benzine.  The  surfaces 
which  are  thus  laid  bare  are  oxidized,  and  mercury  is  again  poured 
on  the  plate.  This  metal  recoils  from  the  oxidized  lines,  and  collects 
on  the  silver,  making  reliefs  where  the  lights  ought  to  be.  An  im- 
pression in  plaster  is  obtained  as  before,  and  the  electro-chemical  plate 
•which  is  to  be  used  for  the  printing  has  the  lines  of  the  drawing  in 
relief  as  required. 
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Improvements  in  the  Barometer  and  Thermometer.    By  JonN  Thom- 
son, of  Wayne,  Du  Page  County,  Illinois. 

The  Committee  on  Publications  will  please  insert  in  the  "Journal 
of  the  Franklin  Institute,"  this  notice  of  a  series  of  improvements  on 
the  Barometer,  including  also  the  Thermometer,  which  I  shall  detail 
as  briefly  and  explicitly  as  possible. 

First  in  order  is  what  the  inventor  designates  as  the  Farmer's  baro- 
meter. It  consists  of  the  stem  of  a  common  Thermometer  tube.  Into 
this  tube  is  introduced  a  single  drop  of  mercury  and  then  both  ends 
of  the  tube  are  covered  with  a  piece  of  silk.  A  metallic  bulb  is  then 
cemented  to  one  end  of  the  tube,  while  the  other  is  left  exposed  to  the 
action  of  the  atmosphere.  A  small  steel  ring  is  placed  upon  the  stem 
to  slide  up  or  down;  and  the  instrument  is  complete. 

The  object  of  the  inventor  in  producing  this  instrument,  was  wholly 
to  befriend  the  farming  community,  and  such  others  as  are  more  or 
less  dependent  on  the  condition  of  the  weather,  for  their  operations, 
by  giving  them  a  cheap  barometer,  as  reliable  to  the  most  expensive 
instruments  that  are  made. 

It  will  be  observed  that  the  small  globule  of  mercury  within  the  tube 
is  the  index,  whose  position  is  to  be  noted,  forming  as  it  does  a  mova- 
ble partition,  dividing  the  air  in  the  tube  into  an  upper  and  lower 
portion.  As  changes  in  the  weather  are  indicated  not  by  the  actual 
weight  of  the  atmospheric  column,  but  by  changes  in  that  weight,  so 
this  instrument  is  designed  especially  to  indicate  those  changes,  giving 
notice  of  the  coming  storm,  or  the  approach  of  more  favorable  wea- 
ther. No  scale  of  inches  is  upon  this  instrument,  as  it  is  designated 
only  to  indicate  changes. 

The  standard  place  for  the  index  is  about  midway  of  the  tube,  when 
the  temperature  is  50°  and  the  atmospheric  pressure  30  inches. 

To  make  an  observation  with  this  instrument,  place  it  in  a  tumbler 
of  newly  drawn  water  from  the  well  or  spring,  which  may  be  supposed 
to  be  of  the  same  temperature  from  time  to  time.  The  air  in  the  bulb 
is  thus  brought  to  the  same  temperature  as  the  water.  Now  upon  the 
upper  side  of  the  index  we  have  the  free  atmospheric  pressure  while 
upon  the  lower  side  presses  the  elastic  force  of  the  combined  air ;  and 
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the  index  itself,  moving  freely  in  the  tube,  will  always  occupy  the  posi- 
tion where  these  two  forces  are  balanced.  The  ring  upon  the  tube  is 
then  slipped  to  where  the  index  rests. 

The  next,  and  each  auccessive  observation,  is  to  be  made  in  pre- 
cisely the  same  way,  i.e.  by  placing  the  bulb  in  newly  drawn  water 
from  the  same  well  or  sprin;:, — and  as  the  index  is  above  or  below  the 
ring  a  diminution  or  increase  in  the  weight  of  the  atmosphere  is  indi- 
cated; showing  the  approach  of  storm  or  the  reverse,  just  as  in  all  other 
barometers. 

In  summer  or  in  heated  positions  when  the  instrument  is  not  in  use 
the  index  may  ascend  to  the  top  of  the  tube,  and  rest  against  the  silk 
covering;  and  during  winter  or  in  cold  positions  it  will  rest  upon  the 
lower  covering.  The  object  of  these  coverings  is  to  prevent  the  escape 
of  the  mercury,  while  at  the  same  time  giving  a  free  passage  to  the  air 
of  the  atmosphere. 

This  barometer  it  will  be  seen  is  quite  portable,  and  very  cheap. 

The  second  of  these  improvements  is  (juite  ingenious  and  philosophi- 
cal, being  both  barometer  and  thermoincier  combined  in  the  same  in- 
strument. Its  construction  an<l  operation  are  precisely  similar  to  the 
"Farmer's  Jiaromcter,"  except  that  the  tube  is  longer,  say  12  to  18 
inches,  and  that  it  has  a  scale  attached  to  it.  This  scale  is  graduated 
for  temperature  on  one  side  of  the  instrument,  from  top  to  bottom;  and 
on  the  other  side  arc  marked  the  inches  and  their  parts,  for  the  baro- 
meter. 

As  a  harometer  this  instrument  acts  precisely  as  the  former,  already 
described,  and  therefore  needs  no  further  explanation,  the  only  requi- 
site as  with  the  other,  being  to  bring  it  to  one  and  the  same  tempera- 
ture at  each  observation. 

And  now  to  illustrate  its  action  as  a  therynnmcter,  let  us  suppose 
that  the  uniformity  of  temperature  is  obtained  not  by  spring  watir, 
but  by  jdacing  the  bulb  in  the  mouth,  thus  giving  it  the  temperature 
of  the  human  body  l>«°. — Now  it  will  be  understood  that  the  tempera- 
ture of  the  air  will  be  told  approximately  at  all  times  by  the  index, 
when  the  bulb  is  not  in  the  mouth.  The  index,  however,  is  being  acted 
ujuiii  by  the  atmosj)here  from  without,  and  consequently  thi-^  approxi- 
mate teujperature  must  be  corrected  by  adding  or  subtractinij  accord- 
ing as  the  index  is  above  or  below  the  standard  temperature,  (l>Ji°  in 
the  ease  supposed)  when  an  observation  is  made.  Suppose,  for  instance, 
that  the  index  is  at  60°  when  the  instrument  is  in  the  air,  and  rises 
to  I'S"  when  the  observation  is  made,  then  the  temperature  of  the  air 
is  just  60°;  l)Ut  if  the  instrument  had  gone  10**  higher,  that  10°  is 
owing  to  a  lightness  of  the  atmosphere  and  jnust  be  added  to  tiie  50° 
to  give  the  true  temperature,  viz.,  GO**;  but  on  the  other  hand  if  the 
index  falls  10°  short  of  the  standard,  it  is  owing  to  an  increase  in  the 
])ressiire  of  the  attnosphere  to  just  that  extent,  antl  consequently  the 
10^  must  be  subtraeted  and  the  true  temperature  is  40  \ 

The  standard  of  this  instrument  is  98°  and  30  inches. 

If  this  instrument  be  properly  made,  and  a  true  uniformity  of  heat 
applied,  no  thermometer  can  be  more  accurate. 
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The  tliird  and  last  improvement,  I  have  the  pleasure  of  communicat- 
ing is  the  lengthening:  ot"  the  scale  of  the  common  mercurial  barometer 
to  an  indefinite  extent.  Thus  the  tube  of  the  common  parlor  barometer, 
instead  of  the  wheel  and  its  counterweight  in  the  cistern,  is  furnished 
with  a  thermometer  tube  three  feet  long,  open  at  top  and  bottom,  and 
standing  side  by  side  with  it,  wherein  tiie  rise  and  fall  of  the  mercury 
will  be  seen  on  a  very  largely  increased  scale.  This  additional  tube 
has  its  lower  end  widened  to,  say,  twelve  times  the  size  of  its  bore,  and 
is  partly  filled  with  colored  alcohol.  This  is  set  into  the  mercury  in 
the  open  cistern.  The  specific  gravity  of  the  alcohol  is  so  much  less 
than  that  of  the  mercury,  that  a  suflicient  column  of  alcohol  will  be 
easily  sustained  in  this  additional  tube,  to  be  acted  on  by  the  atmo- 
spheric pressure.  The  lower  end  being  enlarged  in  the  ratio  of  twelve 
to  one,  it  follows  that  a  rise  or  fall  of  one  inch  of  the  mercury  in  the 
cistern  will  necessitate  a  rise  or  fall  of  twelve  inches  in  the  alcohol  in 
the  tube.  Consequently  a  range  of  three  inches  of  the  mercury  would 
be  indicated  by  a  range  of  three  feet  of  the  alcohol. 

To  prevent  the  evaporation  of  the  alcohol  in  this  constant  rise  and 
fall,  the  inventor  places  one  of  his  small  drops  of  mercury  over  the 
alcohol  with  about  an  inch  of  air  between.  Tiiis  drop  of  mercury  rises 
and  falls  with  the  alcohol.  The  top  of  this  tube  is  covered  with  a  piece 
of  silk  to  prevent  the  entrance  of  dust,  kc. 


FRANKLIN  INSTITUTE. 


Proceedings  of  the  Stated  Monthly  Meeting,  June  16,  1864. 

"William  Sellers,  President,  in  the  chair. 

Fairman  Rogers,  Vice  President,   |     gg^jj^^ 

John  F.  Frazer,  Treasurer,  J  ^ 

Washington  Jones,  Recording  Secretary. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Donations  to  the  Library  were  received  from  the  Institute  of  Actua- 
ries, and  the  Society  of  Arts,  London  ;  la  Societe  d'Encouragenient 
pour  rindrustrie  Nationale,  Paris,  France;  Hon.  William  D.  Kellev, 
U.  S.  Congress,  Washington,  D.  C,  M.  W.  Baldwin  &  Co.,  and  Prof. 
John  F.  Frazer,  Philadelphia. 

The  Periodicals  received  in  exchange  for  the  Journal  of  the  Insti- 
tute, were  laid  on  the  table. 

The  Treasurer's  report  for  May  was  read. 

The  Board  of  jNIanagers  and  Standing  Committees  reported  their 
minutes. 

Candidates  for  membership  in  the  Institute  (5)  were  proposed,  and 
the  candidates  proposed  at  the  last  meeting  (13)  were  duly  elected. 

The  By-Laws  of  the  Institute  as  reported  by  the  Committee  and 
amended  at  the  adjourned  meeting  held  on  the  9th  instant,  were  again 
taken  up  for  consideration,  when  they  were  further  amended,  and  final- 
ly adopted. 
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Mr.  P.  E.  Chase  illustratcl  bj  a  diagram  the  combined  action  of 
rotation  and  lunar  attraction,  which  led  him  to  believe  that  there  should 
be  four  atmospheric  spring  tides,  and  four  neap  ti<les,  in  each  lunar 
month,  and  stated  tluit  his  theory  was  confirmed  by  the  barometric 
observations  at  ,St.  Iltdena,  and  in  other  places.  lie  thought  it  would 
also  be  found  that  the  same  influences  produce  secondary  spring  and 
neap  tides  in  the  ocean,  as  well  as  in  the  air. 


BIBLIOGRPHICAL  NOTICES. 

Practical  Treatise  on  Limrs,  /li/iriinlic  Cenjentu,  au'I  Mortarg.  P>v  Q. 
A.  GiLMOKE,  A.  M.,  New  York:  \'an  Nostrand,  1803.  8vo.  pp.  008. 
This  is  one  of  the  series  of  papers  on  Practical  Engineering,  issu- 
ing from  the  United  States  Engineer  Department,  and  had  wo  noticed 
the  work  when  it  was  first  published,  perhaps  it  might  have  been  ne- 
cessary to  say  who  the  author  was.  Since  then,  however,  he  has  so 
distinguished  himself  in  his  profession,  that  any  notice  of  him  is  un- 
necessary. This  work  contains  a  record  of  certain  experiments  and 
researches  male  under  the  authority  of  the  Engineer  IJureau  of  the 
War  Department  from  1868  to  1S(J1,  upon  the  various  hydraulic  ce- 
ments of  the  United  States,  and  the  materials  for  tlieir  manufacture. 
The  experiments  were  carefully  made  and  are  well  reported  and  com- 
piled. It  is  strange  that,  in  a  matter  so  interesting  to  engineers,  and 
apparently  presenting  no  very  great  diflieulties,  except  such  as  pa- 
tience and  science  could  overcome,  so  little  should  be  known;  but  it 
seems  certain  that  our  knowledge  of  what  is  necessary  to  constitute  a 
good  hydraulic  cement  is  yet  almost  at  a  minimum.  What  is  known, 
and  the  means  of  knowing  more,  will  be  found  in  this  work,  which  is 
presented  with  the  usual  excellence  of  execution  of  the  publisher. 

Elements  of  Chemixtry.  Throretiral  and  Prarticaf.  Tly  William 
Allen  Miller,  M.D.,  LL.D.  Chemiral  l'hygi<-s.  Part  II.  Kleciri- 
city  and  Maymtism.  From  the  3d  London  Edition.  New  York: 
John  Wdey.  8vo.  pp.  I'Jl. 

We  do  not  pretend  to  know  what  Chemical  Physics  are  or  ought  to 
be.  All  physical  knowledge  is  important  to  chemists,  and  chemistry 
is  a  branch  of  physics  ;  but  however  this  may  be,  and  whatever  may 
have  been  the  intention  of  the  work,  it  is  a  very  excellent  practical 
treatise  on  electricity  and  magnetism,  full  and  accurate  and  lucid  in 
its  expositions,  and  well  illustrated  by  tables  and  wood-cuts, 

Ewhank's  HydrauUci. 
The  15th  edition  of  this  interesting  work  is  about  to  be  issued  by 
the  publishers  in  New  Y'ork.  No  further  commendation  of  the  book 
is.  necessary  than  this  8im|)le  announcement  that  it  has  so  rapidly 
reached  a  loth  edition,  and  that  without  receiving  or  requiring  any 
of  the  artificial  means  of  distribution  so  fretiuently  used. 
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A  Comparison  of  some  of  the  Meteorological  Phenomena  of  June,  1864,  with  those 
o/ June,  1808,  «??«£  of  the  same  month  for  thirteen  years,  at  Philadelphia,  Pa. 
Barometer  60  feet  above  mean  tide  in  the  Delaware  Eiver.  Latitude  3'J°  57^'' N.; 
Longitude  75°  10^-'  W.  from  Greenwich.     By  James  A.  Kirkpatrick,  A.  M, 


June, 

June, 

June, 

1864. 

1803. 

for  13  years. 

Thermometer — Highest — degree,     . 

96-00O 

91-50° 

98-00° 

"                       "           date, 

26th. 

15th. 

29th,  1856. 

*'                Warmest  day — Mean, 
"           "        date. 

89-07 
26th. 

80-33 
15th. 

90-50 
30th,  1856. 

"                Lowest — degree, 
"                      "         date, 

51 -UO 
12th. 

52-00 
8th. 

42-00 
5tb,  1859. 

*'                 Coldest  day — Mean, 
"                       "         "       date,  . 

59-33 
11th. 

60-83 
7th. 

55-00 
6th,  1861. 

"                Mean  daily  oscillation. 

17-42 

10-02 

16^43 

"                     "         "      range,    . 

0-69 

5-18 

4-86 

'«                Means  at  7  a.m., 

67 -s;} 

65-78 

68-48 

"                             "                 2  P  M., 

78-23 

74-75 

78^51 

"                           "                 9  P.M.,        , 

70-03 

67-90 

71^08 

"                     "       for  the  month, 

71-80 

09-48 

72-69 

Barometer — Highest — Inches, 

30-087  in. 

29-994  in. 

30-281  in. 

'•                  "         date,      . 

21st. 

25th. 

13th,  1852. 

*'           Greatest  mean  daily  press. 

30-028 

29^984 

30-251 

"                 "         date. 

21st. 

25th. 

13th,  1852. 

"           Lowest — Inches, 

29-296 

29^321 

29-182 

"                 "         date, 

9th. 

1st. 

11th,  1857. 

'«           Least  mean  daily  press., 

29-358 

29-377 

29-202 

date. 

9th. 

1st. 

nth,  1857. 

"           Mean  daily  range, 

0-127 

0-083 

0-100 

"            Means  at  7  A.M., 

29-812 

29-743 

29-808 

2  P.M., 

29-777 

29-712 

29-774 

y  P.M., 

29-805 

29-756 

29-789 

"                 "      for  the  month,   . 

29-798 

29-737 

29-790 

Force  of  Vapor — Greatest — Inches, 

0-850  in. 

0-687  in. 

1-059  in. 

••             •'               "             date,     . 

25th. 

12th. 

30th,  1855. 

"             "          Least — Inches, 

•221 

•207 

•162 

'•             "               "       date. 

28th. 

16th. 

5th,  1859. 

•'            •'         Means  at  7  a.m.,    . 

•454 

•436 

•506 

"                "               2  P.M.,     . 

•475 

-433 

•526 

•'         ••         "         y  I'.M.,  . 

•503 

•446 

•542 

"            "            "      for  the  month, 

•477 

•438 

•525 

Relative  Humidity — Greatest — per  ct.. 

89-0  per  c. 

94^0  per  c. 

100-0  perct. 

"             "                     "             date. 

5th. 

22d  &  29th. 

6th,  1856. 

"            "                Least — per  ct.. 

24-0 

22-0 

22-0 

"            "                    "        date,    . 

28th. 

16th. 

16th,  1863. 

"             "                Means  at  7  A.M., 

65-9 

67  •O 

72-0 

"                 "                           "              2  P.M., 

48-4 

51^0 

53-6 

"            "                    ««           9  p.m., 

67-1 

65-6 

70-0 

«'             "                     "for  the  month 

60-4 

61-5 

65-2 

Clouds — Number  of  clear  days,*     . 

10- 

5- 

8-2 

*'             '*                cloudy  day.=,     . 

20- 

25^ 

21-8 

"         Meansof  skj' cov'dat7  A.M., 

48-7  perct. 

69-7  perct. 

58-6  per  ct. 

"             "             "       "           2  p.m., 

54-7 

66-7 

60-5 

"             "       "           9  p.m., 

46-0 

46-3 

44-6 

"             «'      for  the  month, 

49-8 

60-9 

54-5 

Rain. — Amount, 

2-246  in. 

4^053  in. 

4-355  in. 

No.  of  days  on  which  Rain  fell. 

7- 

11- 

11-6 

Prevailing  "Wind? — Times  in  1000 

s73°30'w-343 

n61°23'w077 

s76°56'w22& 

*  Sky  one-third  or  less  covered  at  the  hours  of  observation. 
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On  (he  Organization  of  the  Corps  Imperial  iJea  Ponts-et-ChaiusSeSf 
in  France.    By  George  II.  Burnell,  Esq.,  C.E.,  F.G.S. 

From  the  Journal  of  the  S<><-icty  of  Art*,  No.  691. 
(Continued  from  piigo  12  ) 

TiiK  ultimate  consequence  of  the  strict  system  of  promotion  that 
pnvails  in  France  is,  that  all  that  relates  to  the  general  direction  of 
the  pul)lic  works  of  that  country  is  .ihliged  to  ho  tran-sacted  through 
the  hody  of  the  l*oiits-et-Chaus.^ees ;  and  the  civil  engineers  arc  there 
reduced  to  the  rank  of  conductors  of  the  industrial  estahlislunents,  that 
arc  still  allowed  to  bo  free  from  state  control,  although  the  civil  engin- 
eers have  proved  themselves  to  be  capable  of  directing  the  railwa^-s 
antl  other  public  works,  with  at  least  equal  ability  with  their  more 
fortunate  rivals.  The  railways  seemed,  for  a  time,  to  be  destine*!  to 
form  an  exception  to  the  general  body  of  the  works,  for  the  lato  Mr. 
Locke  and  the  English  contractors  were  entrusted  with  the  execution 
of  the  Paris  and  Havre  and  the  Cherbourg  lines  :  but  it  was  found  that 
the  relations  between  the  Minister  of  Public  Works  and  the  company 
were  so  numerous,  and  they  comprehended  so  many  questions  which 
involved  the  rights  of  the  Ponts-et-Chaussees  to  interfere  witli  tho 
working  of  the  railways,  that  even  upon  these  lines  the  government 
engineers  have  been  employed.  Lideed  it  is  difficult  to  imagine  any 
other  courso  being  long  adopted  in  France ;  the  whole  service  of  that 
Vol.  XLVIIL— Third  Skbies.— No.  2.— Auoubt,  18G4,  7 
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country  is  so  desperately  centralized  that  the  intervention  of  the  state 
is  felt  in  all  things.     Thus,  the  body  of  the  Ponts-et-Chaussees,  being 
always  upon  the  spot,  is  necessarily  employed  for  making  the  surveys 
for  the  lines  of  railway,  roads,  and  canals,  that  may  be  thought  neces- 
sary ;  and  the  organization  of  that  body  provides  it  with  ample  means 
of  carrying  out  the  projects  that  it  conceives.  It  may  be  that  the  nation 
gains  in  the  unity  of  views  that  is  thus  produced,  and  that  many  cases 
of  competing  lines  may  thus  be  avoided ;  but  this  advantage  seems  to 
me  dearly  purchased,  when  it  is  only  obtained  by  the  annihilation  of 
the  private  enterprise  of  the  whole  country,  Avhich  is  the  inevitable  re- 
sult of  the  French  system.     It  has  been  pretended  that  the  estimates 
that  are  prepared  by  the  French  engineers  are  better  and  more  trust- 
worthy than  those  that  are  masde  by  their  English  brethren,  and  that 
a   contractor  would  be  more  inclined  to  risk  his  fortune  on  the  French 
preliminary  surveys  and  estimates ;   but  if  we  set  aside  the  greater 
facilities  that  the  French  engineers  have  for  making  their  calculations 
for  the  works  that  they  are  employed  upon,  the  superior  correctness 
of  their  estimates  in  works  that  are  at  all  out  of  the  common  run  may 
be  very  much  questioned ;  and  certainly  they  design  their  works  in  a 
manner  that  English  engineers  would  consider  to  be  very  extravagant 
owing  to  the  traditions  that  prevail  in  the  body  of  the  Ponts-et-Chaus- 
sees, who  pride  themselves  rather  upon  not  considering  the  commercial 
view  of  the  question  in  their  constructions.     It  is,  however,  to  be  ob- 
served that  much  of  the  merit  that  is  thus  due  to  the  engineers  of  the 
government  is  owing  to  the  admirable  system  upon  which  their  accounts 
are  kept;  and  the  merit  of  the  "comptabilite  "  that  forms,  so  much 
and  so  justly,  the  boast  of  the  engineers  is,  after  all,  due  to  the  con- 
ducteurs,  whom  the  regulations  of  the  body  consign  to  perpetual  in- 
feriority. The  engineers,  in  fact,  content  themselves  with  the  duty  of 
organizing  the  manner  in  which  the  estimates  and  the  definite  accounts 
are  to  be  prepared ;  they  leave  all  the  details  to  be  worked  out  by  the 
conducteurs,  who  fill  the  position  of  the  Soodras  in  the  "hierarchy" 
in  which  their  chiefs  play  the  part  of  the  Brahmins.     There  is  much 
more  truth   than   appears  at  first  sight,  in  this  comparison  with  the 
Indian  social  arrangement,  for  the  classes  that  are  thus  formed  in  the 
French  body  politic  are  as  strictly  defined  as  those  of  India,  and  there 
is  nearly  as  much  difficulty  in  passing  from  one  rank  to  another.  The 
distinction  between  the  ingcnieurs  des  Ponts-et-Chaussees  and  the  con- 
ducteurs is,  however,  a  permanent  and  ineffaceable  one,  that  will  al- 
ways be  a  standing  reproach  to  the  system  that  would  prevent  a  man 
from  rising  by  his  own  merits  to  the  foremost  ranks  of  his  profession. 
Yet,  although  I  am  myself  fully  aware  of  the  inconveniences  of  the 
French  system  of  organizing  the  public  works  of  that  country;  though 
I  know  the  great  expense  that  the  nation  is  put  to  on  account  of  the 
want  of  practical  knowledge,  and  from  the  deficient  technical  educa- 
tion of  the  engineers  that  the  government  is  obliged  to  employ,  from 
the  fact  that  no  man  can  there  rise  from  the  ranks,  let  his  merits  be 
ever  so  great,  and  from  the  mania  that  the  system  fosters  for  construct- 
ing monuments  that  should  last  for  ever ;  yet  I  have  seen  such  confusion 
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and  such  waste  occasionetl  by  the  Bystcm  that  prevails  in  England, 
especially  in  the  appointment  of  government  officiul.s  in  similar  matter* 
that  I  should  be  almost  inclined  to  prefer  the  French  system  of  the 
Ponts-et-ChauMsees  to  the  ignorance  and  incompetence  that  prevail 
lierc  in  government  offices.  The  engineers  of  the  Ponts-et-Chaussees 
are  thoroughly  acrjnainted  with  the  subjects  they  have  to  pronounce 
upon,  and  they  all  feel  as  though  the  rei)utation  of  their  body  were 
entrusted  to  their  safekeeping ;  whilst  in  England  the  nomination  of 
the  engineers  of  the  government  is  entirely  regulated  by  favor  an<i 
caprice.  Fortunately,  the  intiuence  of  tlie  authorities  that  are  ap- 
pointed by  the  state  is  very  small  in  England,  for  we  still  retain  s<» 
miu-h  of  the  independence  of  habits  and  mo<les  of  thought  that  are 
theessential  characteristics  of  local  self-government,  that  the  engineers 
named  by  the  government  can  do  little  ;  but  if  the  circumstances  should 
change,  and  if  the  influence  of  the  central  government  should  be  in- 
creased, it  miist  become  a  serious  (juestiftn  with  us,  whether  the  organi- 
zation of  the  Ponts-et-('liaussees,  that  does  not  admit  the  nominatioji 
or  the  advancement  of  the  favorites  of  the  minister  of  the  day,  may 
not  be  the  best  that  can  be  devised  in  the  interest  of  the  rate-payer. 
In  a  highly-centralized  government,  like  that  of  France,  the  organi- 
zation of  the  Ponts-et-Chauss6es  no  doubt  produces  excellent  results. 
It  woidd  be  out  of  place  here,  as  long  as  we  retain  our  self-dependence 
and  that  love  of  true  equality,  that  enaldes  any  man  to  rise  according 
to  his  own  merits ;  but  it  is  the  best  system  that  has  yet  been  thought 
of  for  securing  the  talent  of  the  men  and  the  independenceof  their  judg- 
ment from  the  theories  or  the  passions  of  the  mtunent.  There  are 
several  details  in  the  organization  of  the  service  Avhich  mijrht  easily 
be  altered  (as,  for  instance,  the  fact  that  the  engineers  are  only  re- 
sponsible for  the  acts  that  they  may  do  in  the  discharge  of  their  duty 
to  the  Conneil  iV Etnt,  and  the  fact  that  the  conducteurs  cannot  rise  to 
the  superior  ranks  of  the  profession),  but,  with  these  exceptions,  there 
seems  to  be  no  reason  why  something  like  the  organization  of  the 
Ponts-et-Chaussees  should  not  answer  very  well  with  the  gradual  ten- 
dency to  the  develojunent  of  centralization  that  is  so  manifestly  gaining 
ground  amongst  ourselves.  It  would  secure  for  the  public  at  least 
the  services  of  educated  engineers,  and  put  a  stop  to  the  curious  nomi- 
nations that  we  have  sometimes  witnessed  in  our  public  offices  ;  added 
to  which  advanta;'e  would  l»e  the  ineidental  one  of  raisin;?  the  tone  ol' 
the  jirofession  in  matters  connected  with  their  own  emoluments,  whieli 
recent  events  have  shown  to  be  very  Ioav  in  England.  Perhaps  therr 
is  something  that  is  o[tposed  to  the  English  notions  of  government  in 
the  existence  of  a  IhkIv  that  is  com])osed  of  officials,  who  are  not  in 
any  way  liable  to  the  influence  of  the  ministers  of  the  day.  either  for 
their  nomination  or  for  their  advancement,  and  there  may  be  danger 
in  thus  creating  a  body  that  should  have  the  control  of  the  funds  of 
the  nation  to  the  exclusion  of  the  rest  of  their  profession,  and  to  the 
perpetual  interference  with  the  ingenuity  of  tne  great  body  of  the 
public;  but  this  is  counter-balanced  by  the  advantage  of  the  absence 
of  the  influence  of  the  minister.  There  is,  of  course,  the  disadvantage 


76  Civil  Engineering, 

of  having  to  do  witli  a  board  of  theoretical  men,  who  are  likely  to  in- 
sist upon  the  observance  of  the  strict  scientific  conditions  that  they 
conceive  to  regulate  their  pursuit,  as  was  the  case  with  the  Ingenieurs 
des  Ponts-et-Chaussees  in  the  matter  of  the  rate  of  the  inclines  for 
railways,  which  they  for  a  long  time  insisted  should  be  made  with  an 
inclination  of  1  in  200,  when  the  English  engineers  had  proved  that 
they  might  be  executed  at  1  in  60  without  inconvenience.  This  is  a 
drawback  that  will  always  attend  an  organized  body  of  such  a  nature  ; 
but  there  must  be  set  against  it  the  advantage  that  this  body  procures 
in  controlling  the  action  of  the  government  in  the  details  of  the  practi- 
cal application  of  the  science.  The  minister  is,  indeed,  quite  power- 
less in  cases  which  strictly  belong  to  the  carrying  out  of  works  that 
may  be  ordered;  the  Ingenieurs  des  Ponts-et-Chaussees  alone  can 
regulate  the  manner  in  which  they  are  to  be  executed.  The  fact  that 
the  Minister  of  Public  Works  is  a  political  appointment,  and  therefore 
is  subject  to  the  caprice  of  theparliamentry  government,  throws  a  great 
power  into  the  hands  of  the  Ponts-ct-Chaussees,  who  are  always  in 
possession  of  the  influence  which  they  may  derive  from  their  position 
as  distributors  of  government  patronage,  and  as  executing  the  works 
that  the  state  may,  tlirougli  their  advice,  undertake;  and  this  they 
have  shown  that  they  know  how  to  use  for  securing  their  independence. 
It  is  desirable  liere  to  mention  that  the  course  adopted  in  the  exe- 
cution of  public  works  in  France  is  for  the  Minister  of  Public  Works 
to  submit  to  the  legislature  a  project  of  law  for  their  establishment, 
if  they  are  of  a  nature  to  require  a  concession  from  the  state,  or  to 
give  rise  to  a  large  advance  of  public  funds,  or  if  they  should  require 
the  application  of  the  law  of  expropriation  ;  in  other  cases,  tliey  may 
be  the  subject  of  simple  ordinances,  as  in  the  case  of  municipal  or 
departmental  works.  The  projects  for  all  of  these  undertakings  must 
be  accompanied  by  drawings,  specifications,  and  estimates,  Avhich  must 
be  approved  by  the  conscil  that  is  specifically  concerned  in  their  exe- 
cution, and  tliey  give  rise  to  the  production  of  a  mass  of  papers  and 
reports  that  are  produced  for  them,  and  which  are  themselves  perfectly 
bewildering.  The  worst  of  this  metliod  of  entrusting  the  public  works 
to  the  care  of  the  state  is,  that  there  is  no  security  that  they  shall  be 
finished  if  once  begun,  provided  the  state  be  in  want  of  funds,  or  it 
should  have  been  found  advisable  to  appropriate  them  to  other  uses. 
This  last  contingency  has,  it  may  be  observed,  already  happened  in  seve- 
ral remarkable  cases.  For  instance,  the  breakwater  of  Cherbourg,  which 
cost  the  total  sum  of  .£2,400,000,  had  been  mounted  by  the  simple  in- 
terest of  the  money  during  the  time  that  it  was  in  hand,  to  the  sum  of 
.£8,400,000.  The  cost  of  the  canals  had  been  just  tripled  by  the  interest 
that  had  accumulated  upon  the  sums  invested  in  them  before  they  were 
inaugurated  throughout  their  length.  Besides  this  there  is  always  the 
danger  and  difficulty  of  the  works  being  executed  in  an  official  manner, 
that  gives  rise  to  the  inconvenience  of  reports  and  reference  to  the 
various  offices  of  the  state,  in  case  there  should  be  any  reason  to  change 
any  of  the  details  of  the  system  that  may  have  been  agreed  upon  at  the 
first  conception  of  the  scheme.  All  the  questions  must  be  decided  in  the 
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Conscil  (los  Ponts-et-Chaus.s6es  of  Paris,  and,  setting  a<»i<le  for  the 
moment  the  abMcnce  of  local  control  that  mnst  thence  issue,  there  must 
he  a  tendency  in  that  body  to  impose  there  own  style  of  work  and  their 
own  modes  of  thonfrht.  In  the  cases  of  the  works  that  arc  conceded  to 
liir;re  public  cr)nipaiiies  it  ini«:ht  be  supposed  that  the  ailiniiistrations 
of  the  latter  would  have  sufliri«'nt  power  and  influence  to  reduce  the  in- 
terlVrencc  of  the  body  of  the  l'onts-et-(,MiausseeK  to  their  b-jritiinate 
bounds,  but  in  all  the  concessions  hitherto  given  there  is  left  so  wi<le 
a  margin  f«)r  the  action  of  this  body  that  they  are  practically  all-power- 
ful. The  works  are  to  be  executed  to  their  satisfaction,  and  they  have 
a  control  over  the  workmen,  the  materials  employe*!,  and  the  manner 
in  wliicdi  tlie  work  is  executed,  so  that  they  can  htoj)  the  companies  at 
any  stage  of  their  ])rogress.  Hitherto  the  force  of  public  opinion  has 
kept  the  engineers  within  the  bounds  of  what  may  be  considered  their 
<luty.  It  remains  to  be  seen  what  will  be  the  effect  of  this  system 
when  it  is  ai)plieil  to  a  country  fully  accustomed  to  centralization,  and 
«lel)arred  from  tlie  control  of  a  free  press,  such  as  France  is  at  the 
present  day.  The  tendency  of  what  is  now  ])assing  in  that  country 
is  to  introduce  the  control  of  the  engineers  independent  of  the  minsten* 
of  the  day  ;  to  establish  the  system  of  the  monopoly  of  classes  that  i« 
jterpetuated  by  the  necessity  for  the  pupils  passing  through  the  Ecole 
l'nlvtechni«iue;  and  by  the  exclusion  of  the  conducteurs  and  the  civil 
engineers,  to  concentrate  the  mf>ney  and  the  patronage  of  the  Ptate 
entirely  in  the  hands  of  the  engineers  of  the  I'onts-tle-('hauss6es.  I 
think  this  must  eventually  prove  to  be  a  wrong  policy,  though  it  cer- 
taiidy  tends  to  raise  the  character  and  position  of  the  engineers;  and 
that  France  will,  sooner  or  later,  fincl  herself,  in  this  respect,  in  the 
tninuuels  of  a  system  of  castes  that  will  eflcctually  destroy  all  origin- 
ality of  thought  and  action. 

Discusftioti. — Mr.  Haywood  (Engineer  to  the  City  Sewer  Commis- 
pion)  sai<l  he  did  not  gather  from  the  paper  that  Mr.  Burnell  held  any 
conclusive  o])inion  as  to  whether  the  system  in  France  was  better  than 
that  in  Kngland,  or  the  reverse.  With  a  great  deal  Mr.  Burnell  had 
said  be  fullv  concurred,  btjt  the  root  of  the  wlnde  (piestion  t»f  the  organi- 
zation in  this  country  of  a  corps  corresponding  to  that  of  the  l*onts- 
et-Chaussees  lay  in  the  political  condition  and  habits  of  the  people. 
"Whether  it  would  be  desirable  or  not,  there  was  little  probability  of 
its  being  done  in  our  time.  He  must  confess  that  being  tolerably  well 
ac(|uainted  with  France  antl  her  institutions,  he  never  went  there  with- 
out regrettiiig  that  some  system  could  not  be  established  in  this  country 
by  which  more  unity  of  action  in  engineering  niatters  could  be  obtaine*! 
especially  with  regard  to  the  metropolis;  but  he  could  not  »oe  any  in- 
termediate condition  between  the  present  local-government  system  and 
the  instimtion  of  a  corps  sonu>what  similar  to  that  of  the  Ponts-et-Thaus- 
sees.  if  that  corj)s  was  tested  by  the  grandeur  of  its  works,  it  was  far 
in  advance  of  the  English  ;  on  the  other  hand,  if  the  results  were 
tested  by  the  activity  of  commercial  enternri.se:  then  the  French  system 
was  far  behind  ours.  Thov  had  then  to  choose  between  the  two.    With 
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regard  to  tlie  ■works  of  the  engineers  in  France,  his  conclusion  was  that 
their  aqueducts,  docks,  high  roads,  and  canals,  were  laid  out  better 
than  our  own,  and  also  that  the  workmanship  in  them  was  superior  to 
ours.  With  regard  to  the  originality  of  their  works  he  did  not  feel  he 
could  give  an  opinion.  As  to  their  scientific  investigations  he  was  in- 
clined to  place  a  higher  value  upon  them  than  Mr.  Burnell  had  done. 
Undoubtedly  the  first  series  of  engineering  publications  he  was  ac- 
quainted with  was  the  Annalcs  des  Ponts-et-Chaussecs.  He  knew 
nothing  in  this  country  approaching  them,  and  they  formed  a  scientific 
literature  of  which  any  nation  might  be  proud.  There  was  one  thing 
he  could  fully  endorse, — that  was  the  very  high  tone  of  honor  amongst 
the  engineers  themselves.  Their  official  pay  was  exceedingly  small, 
hut  he  believed  a  body  of  men  with  a  higher  professional  tone  did  not 
exist.  They  did  not  aim  at  acquiring  large  fortunes,  inasmuch  as 
scientific  men  generally  got  in  France  that  which  they  could  only  ob- 
tain here  by  becoming  wealthy — they  got  high  honor  and  social  posi- 
tion. He  happened  to  be  at  the  New  Year's  levee  of  the  Emperor,  and 
he  then  inquired  what  was  the  precedence  of  the  Corps  des  Ponts-et- 
Chaussees  on  sucli  an  occasion.  He  Avas  told  that  the  engineers  took 
rank  before  colonels  in  the  army,  which  was  an  evidence  that  their 
standing  was  fully  acknowledged.  But  that  was  not  the  case  in  this 
country.  There  were  brilliant  exceptions,  such  as  Faraday,  and  some 
others  who,  although  they  never  sought  for  wealth,  were  still  so  dis- 
tinguished tliat  they  could  not  be  overlooked ;  but  the  great  mass  of 
professional  men  in  this  country  Avere  generally  measured  by  the  depth 
of  tlieir  pockets.  That  was  why  they  struggled  to  make  money  as 
quickly  as  possible,  because  money  was  the  passport  into  society.  The 
engineers  of  the  Ponts-et-Chaussees  had  an  entirely  different  tone  of 
feeling.  He  knew  many  of  them  personally,  and  could  speak  of  them 
in  the  highest  terms.  There  was  one  remark  in  the  paper  about  the 
architects  which  struck  him.  He  understood  Mr.  Burnell  to  state  that 
they  were  responsible  for  what  is  called  the  well-designing  of  their 
work  for  a  period  of  thirty  years.  The  period  Avas  a  long  one,  but  he 
thouglit  it  would  be  a  Avholesome  thing  if  some  such  rule  were  acknow- 
ledged in  this  country.  It  was  true,  a  man  Avas  responsible  for  Avhat 
he  did,  because  if  he  did  not  perform  his  duty,  remedy  might  be  had 
against  him  at  laAv ;  but  most  persons  Avould  rather  bear  the  loss  than 
have  recourse  to  the  remedy.  Then,  again,  the  French  system  had 
its  disadvantages.  All  those  Avho  practised  as  engineers  in  that  country 
must  have  gone  through  the  Ecole  Polytechnique,  and  thus  Lave  been 
in  some  measure  educated  by  the  state,  and  so  became  naturally  sub- 
ject to  state  control.  After  all  he  felt  that  he  could  not  say  Avith  cer- 
tainty AA'hich  system  he  preferred,  there  were  so  many  elements  involved 
in  the  question ;  but  he  would  say  he  never  Avent  to  France  Avithout 
coming  back  bitterly  regretting  that  our  present  system  did  not,  with 
our  huge  wealth  and  great  commercial  enterprise,  produce  results  more 
worthy  of  the  nation.  If  a  fcAV  remarks  on  a  subject,  now  becoming 
one  of  great  interest  in  this  country,  were  not  out  of  place,  he  would 
say  a  few  words  as  to  the  system  of  sub-ways  formed  in  Paris,  which 
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would  serve  as  an  illiistriitioii  of  the  great  care  with  which  such  work'i 
were  carried  out  in  Fraiu.-f.  Jli.s  rL-inarks  would  apply  to  I'aris,  liVons, 
and  other  large  towns.  In  the  whole  of  the  internal  arrangements  of 
those  towns  the  French  were  beating  us  hollow:  they  were  building 
better  houses,  forming  better  thoroughfares,  putting  up  better  lamp- 
j>osts,  giving  more  light,  and  in  all  arrangcnu-nts  which  affected  the 
liealth  of  till'  community  thi-y  were  considerably  in  advance  of  this 
country.  With  regard  to  the  main  seMcrs  of  Paris,  they  were  built  in 
:i  style  of  magnificence  which  might  be  expected  from  a  body  who  were 
not  limited  as  to  expense,  lie  was  one  of  those  who  thought  the  public 
M<;rks  of  large  cities  ought  to  be  monumental,  and  not  merely  for  the 
jirescnt  generation.  Surely  it  was  an  unworthy  feeling  that  it  was 
>nllicient  to  carry  out  works  which  would  last  our  own  time,  and  to 
leave  posterity  to  take  careof  itself.  That  was  part  of  the  money-greed 
of  the  age;  and  in  that  respect  our  public  works  contrasted  unfavor- 
ably with  those  of  Paris.  The  large  intercepting  sewers  of  the  French 
capital  Were  made  with  footways  on  each  side.  Those  along  the  Kue 
Jtivoli  aii<l  the  Jioulevart-Sebasto[)ol  were  so  large  that  a  full-sized 
juan  could  walk  on  the  footway  on  either  side  with  his  hat  on,  so  ample 
were  the  dimensions  of  these  sewers.  They  were  kept  in  a  state  of 
cleanliness  that  was  surj/rising.  The  entrances  wereuia<le  highly  orna- 
mental, which  he  thought  superfluous;  the  steps  which  led  down  to  them 
were  wide  enough  for  two  jM-rsons  to  descend  siile  by  side.  A  railway 
lan  along  the  edge  of  each  of  the  footways  of  the  large  sewers,  and  be- 
low that  was  the  invert  forming  the  sewer  proper.  An  exceedingly 
Avell-devised  apparatus  traveled  up  and  down  this  railway,  and  me- 
chanical scrapers  were  used  by  which  the  bottom  of  the  sewer  was 
constantly  cleansed.  The  whole  of  the  gas  and  water  })ipes  were  covered 
with  a  black  varnish  or  bituminous  comjtoiind;  it  was  true  there  were 
leakages,  but  very  few.  The  smaller  branch  sewers  were  most  of  them 
six  feet  in  height,  and  on  each  side  of  them  might  be  seen  porcelain 
figures  marking  the  house  drains,  with  a  small  piece  of  white  enamel 
about  an  inch  sqiuire,  which  in»licated  that  the  proprietor  of  a  ]>arti- 
cidar  house  jiaid  three  francs  annually  for  keeping  his  private  drain 
clear.  Every  thing  wjus  carried  out  on  the  same  scale.  When  they 
contrasted  this  with  the  way  things  were  done  in  London,  without  en- 
tering into  the  political  (piestion,  with  which  he  had  nothing  to  do,  but 
looking  simply  at  the  material  results  as  they  were  presente<l  in  the 
capital  and  large  towns  of  France,  it  made  us  ashametl  on  looking  at 
our  own  metroitolis;  and  when  one  knew  as  much  about  the  expemli- 
ture  in  London,  as  he  did,  as  compared  with  the  wealth,  he  must  come 
to  the  conclusion  that  there  was  no  town  in  France  in  which  the  in- 
habitants relatively  to  their  means  spent  so  little  in  keeping  their  city 
in  decent  and  proper  order  as  they  ditl  in  liOndon. 

Mr.  K.  C.  Tufnell  remarked  that  the  direction  of  the  observations 
just  madi'  was  altogether  to  depreciate  English  engineers  below  the 
French.  Jle  did  not  agree  with  that  position,  because  there  were  many 
facts  which  went  in  contradiction  of  it.  When  the  French  desired  to 
introduce  any  new  engineering  practice  they  almost  invariably  came  to 
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this  country  for  the  assistance  of  engineers.  When  railways  were  first 
commenced  in  France  they  sent  for  Locke  and  other  English  engineers 
to  carry  them  out.  We  were  the  first  country  to  introduce  suspension- 
bridges.  The  French  sent  a  deputation  to  this  country  from  the  Ecole 
Polytechnique  to  inspect  what  we  had  done;  they  returned  to  France, 
issued  an  elaborate  report,  stating  that  our  suspension-bridges  were 
erected  upon  wrong  pi'inciples,  and  devising  (as  they  thought)  better 
ones.  They  erected  a  suspension-bridge  in  Paris  on  their  principles, 
but  immediately  upon  its  completion  it  tumbled  down.  Then,  again, 
■with  regard  to  the  Suez  Canal,  notwithstanding  the  predominance  of 
French  influence  in  Egypt,  the  Pacha  sent  to  this  country  for  engi- 
neering advice  with  regard  to  that  project,  and  Mr.  Hawkshaw  went 
out  to  that  country  to  make  a  professional  report  upon  that  great  under- 
taking. Looking  at  these  facts  he  could  not  at  all  reconcile  them  with 
the  views  expressed  by  Mr.  Haywood. 

Mr.  Frederic  Lawrence  did  not  feel  the  same  difficulty  that  Mr. 
Haywood  felt,  as  to  which  system  he  preferred.  As  an  Englishman 
he  approved  of  a  system  which  allowed  talent  to  develop  itself — by 
itself — rather  than  a  centralized  system  which  tended  to  cramp  the 
energies  and  fetter  the  originality  of  those  employed  ;  and  he  thought 
if  they  compared  the  engineering  works  of  this  country  with  those  of 
France,  looking  at  the  works  themselves,  they  would  see  at  once  that 
our  system  was  by  far  the  best.  Could  the  French  engineers  point  to 
a  Britannia  Bridge  ?  or  if  they  had  anything  resembling  it  did  they  not 
copy  it  from  us  ?  Was  not  every  large  engineering  work  in  France  a 
copy  or  modification  of  something  previously  done  in  England  ?  He 
was  surprised  to  hear  Mr.  Haywood  speak  so  approvingly  of  the  sewers 
of  Paris.  It  might  be  that  the  sewer  along  the  Rue  Rivoli  was  better 
than  anything  we  have  in  London,  but  why  was  it  better  ?  Because 
the  French  engineers  came  over  here  and  saw  what  we  had  done  :  they 
adopted  what  we  had  done  well,  and  improved  where  they  felt  they 
could  improve.  It  was,  however,  only  recently  that  sewers  had  been 
introduced  into  Paris,  and  if  that  system  were  carried  out  all  over  the 
capital — as  was  stated  regardless  of  expense — Paris  might  eventually 
be  a  better  drained  city  than  we  could  boast  of.  With  regard  to  some 
of  the  details,  he  did  not  think  Mr.  Haywood,  with  whatever  stajff  he 
could  command,  would  care  to  have  put  upon  him  the  task  of  fixing 
up  the  tablets  he  had  spoken  of,  in  the  city  sewers,  indicating  the  num- 
bers of  the  drains,  and  the  sum  paid  by  each  private  individual  to  have 
his  drain  kept  clean.  He  had  no  hesitation  in  saying  that,  in  his  opin- 
ion, however  admirable  an  institution  the  Corps  of  Ponts-et-Chaussees 
of  France  was,  it  bore  no  comparison  with  the  engineers  of  England; 
because,  when  he  looked  round,  he  saw  the  names  of  engineers  who 
had  carried  out  works  which  the  Corps  of  Ponts-et-Chaussees  dared 
not  have  attempted.  He  therefore  differed  from  Mr.  Haywood,  and 
had  no  hesitation  in  pronouncing  the  English  engineers  the  first  in  the 
world;  for,  when  any  country  was  in  difficulty,  England  was  applied 
to  for  that  valuable  engineering  counsel  which  could  be  obtained  from 
no  other  country. 


spoked  and  DUk  WieeU.  81 

Mr.  llaywoo.l  cxplaincrl  tlisit  liis  remarks  h.i'l  been  misundcrstocMl. 
lie  liad  ile.ilt  only  with  the  broad  features  of  the  paper,  an«l  he  ha<l 
iiiaflc  no  eonij)ari.'<on  between  English  and  French  engineers,  as  re- 
gardc(l  their  professional  skill. 

Mr.  Lawrence  understood  Mr.  IIaywoo<l  to  refer  to  the  question  of 
the  two  .syntenis,  and  they  must  judge  from  the  resulta  whether  one 
was  better  than  the  other. 

Mr.    HurTiell  said  lie  hail  carefully  guarded  him<»elf  in  what  he  had 
sai<l  against  drawing  comparisons  between   Knijlish  and   Fremdi  i-n- 
gineers.    l,'])on  the  cjuestion   the  ridative  merits  of  the  two  < 
was  a  singular  fact  that  the   French  engineers  had  alnM>>t  in 
con.sulted  the  English,  and  all  the  inventions  that  Iiad  altered  the  face 
of  engineering  science  had  arisen  cither  in  England  or  America.   With 
regar<l  to  railways  it  was  well  known  they  originated  in  England,  and 
the  same  thing  occurred   with   reference  to  su>pensioii. bridges.      The 
merit  of  that  form  of   bridge  they  knew  l)elonged  to  Telford.   Steam- 
boats, the  electric  telegraph,  and  many  other  inventions,  which  had 
tended  to  advance  civilization,  were  the  results  of  the  free-trade  j»rin- 
ciples  which  prevailed  in  England,  and  of  which  he  was  a  cordial  sup- 
]>«irter.   Tlie  object  of  the  paper  was  to  call  attention  to  the  «^>rg:i' 
of  the  corps  of  the  I'onts-et-C'haussees,  which  he  thought,  for  < 
out  works  necessarily  in  the  hamls  of  the  government,  was  superior  to 
our  system  of  appointing  (lovernment  officers. 

The  Chairman,  in  proposing  a  vote  of  thanks  to  Mr.  Burnell,  sai«l 
ho  thought  they  nmst  all,  to  a  great  extent,  participate  in  tb-  '  • 
ex]»rcssed  by  Mr.  Haywood,  on  compr.ring  the  style  of  the  pubi 
in  I'aris  with  those  of  London  :  and  with  regard  to  the  sewers,  it"  anv- 
tliing  was  calculated  to  niitigate  that  feeding,  it  was,  as  fur  as  he  wa.H 
personally  conccrne<l,  in  the  visit  he  paid  to  the  great  brick  tank  at 
J>arking,  covering  an  extent  of  eleven  acres,  which  for  strength  and 
excellence  of  exectition  could  hardly  be  stirpassed.  and  which  slmwed 
what  coubl  be  done  in  Englan<l  in  the  way  of  first-rate  l»rick-work.  He 
was  afraid  th(>y  could  hardly  expect  to  settle  the  question  this  eve?iing 
as  to  the  com])arative  merits  of  the  two  plans,  and  he  thought  thev 
must  be  content  with  siipposing  that  lach  nation  had  settled  down  in- 
stinctively into  the  particular  system  which  best  suite«l  its  own  peculiar 
constitutif)n.  lie  was  sure  they  woubl  pass  a  cordial  vote  of  thanks  to 
Mr.  I'.urnell  for  his  able  paper. 

The  vote  of  thanks  wa«  tlien  passinL 
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From  tlip  I^'iul.  I'r»ctirml   M<'<  h«iii.-'»  Jviuriial,  April  »o.l  \Uv  !»■  I. 

We  have  much  pleasure  in  presenting  to  our  readers  the  following 
inloresting  and  important  conclusions,  which  have  been  verv  elaborately 
wrought  out  by  the  celebrated  French  philosopher,  M.  Ad.  Martin. 

The  large  development  of  the  railway  system  has  caused  the  manufac- 
ture of  the  wheels  of  rolling  stock  to  become  one  of  immense  importance. 
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The  number  of  axles  belonging  to  carriages  and  vans  in  France,  at  the 
1st  of  January,  1862,  was  about  85,000,  of  which  3000  having  disk 
wheels  attached  to  them,  represented  a  value  of  more  than  fifty  mil- 
lions of  francs.  The  just  combination  of  the  several  pieces  of  which 
they  are  composed,  is  one  of  the  first  elements  of  their  security.  The 
wearing  out  of  the  tyres  is  another  most  important  consideration.  It 
becomes  thus  a  matter  of  great  commercial  interest  that  the  wheels 
should  be  constructed  after  an  improved  type. 

It  is  thought  that  all  the  requirements  will  be  represented  in  the 
following  terms: — 

1st.  To  realize  the  greatest  solidity  amongst  all  the  pieces. 

2d.  To  offer  as  little  resistance  as  possible  to  the  action  of  the  air. 

3d.  To  be  of  light  weight,  and  to  offer  as  much  resistance  as  possible 
to  the  binding  energy  of  the  tyre. 

4th.  To  lift  as  little  dust  as  possible  when  running. 

Lastly.  To  produce  at  a  minimum  price  an  article  of  maximum  dura- 
bility. 

Spoked  wheels,  which  are  employed  for  locomotive  engines  and  rolling 
stock  generally,  are  more  cosily,  heavier,  and  offer  a  greater  resistance, 
than  those  having  plain  disks,  therefore  they  should  be  replaced  by  the 
latter.  Another  motive  for  employing  these  disk  wheels  results  from 
their  inferiority  to  extend  a  fire,  should  it  occur  in  the  carriages  when 
traveling,  and  which  spoked  wheels  to  a  large  extent  provoke. 

The  wheels  of  carriages  and  wagons  being  usually  identical,  there 
is  no  necessity  to  make  a  distinction  between  them.  Their  diameter 
outside  the  tyre  being  generally  about  0*9144  metres  to  1-05  metres,  the 
first  of  which  corresponds  to  about  3  English  feet,  and  the  second  to  3 
feet  7  inches  nearly.  It  would  therefore  be  of  little  benefit  to  go  beyond 
this  diameter,  for  if,  on  the  one  hand,  the  friction  of  the  journal  is 
slightly  diminished,  the  weight  of  the  wheel  is  increased,  as  well  as  the 
rolling  friction,  which,  increasing  as  the  diameter,  destroys  the  advan- 
tage thus  obtained. 

The  resistance  that  the  atmosphere  presents  to  the  rolling  action  of 
wheels,  is  entirely  independent  of  their  diameter  for  a  given  rate  of 
lineal  travel,  because  in  any  case  the  circumferential  velocity  is  equal, 
the  number  of  revolutions  corresponding  with  the  diameter,  accordingly 
as  it  is  increased  or  diminished. 

The  general  construction  of  spoked  wheels  being  pretty  well  known, 
it  is  scarcely  necessary  to  describe  them  in  detail.  They  are  usually 
made  with  straight  spokes,  the  outer  extremity  of  which  are  forged  of  a 
T  form,  these  ends  are  then  Avelded  together  in  pairs,  the  manner  in 
which  the  joint  is  made  being  one  of  the  most  important  elements  in  the 
construction  of  spoked  wheels;  these  are  made  secure  at  the  centre,  by 
a  boss  of  iron  cast  over  and  between  them.  When  the  cast  iron  boss 
has  become  cooled,  the  outer  rim  formed  by  the  T-shaped  extremities 
is  thorounrhly  welded,  and  made  circular.  There  are  many  other  ways 
of  manufacturing  spoked  wheels  for  railway  carriages  and  vans,  and, 
indeed,  they  are  now  sometimes  made  entirely  of  wrought  iron,  in  a 
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manner  similar  to  that  introtluced  by  Mr.  Gooch,  on  the  Great  Western 
Railway,  for  the  whoc-ld  of  hicomotivcs. 

Wheels  with  plain  disks  are  rnucli  lighter  and  encounter  much  less 
resistance  with  the  atmosphere  during  their  revolution,  they  do  not  lift 
the  dust,  are  not  easily  disturbed,  and  hold  equally  well  upon  the  axleg 
and  in  the  tyres.  Any  pernfin  conversant  with  this  subject,  will  tho- 
roughly grant  that  a  wheel  composed  of  one  piece  of  malleable  or  cast 
iron,  in  the  form  of  disk,  is  much  more  solid  and  secure  than  one  made  up 
of  an  assemblage  of  pieces.  It  is,  however,  contended  by  some,  that 
liy  the  u.se  of  disk  wheels,  the  tyres  would  soon  become  flattened,  loose 
upon  the  wheels,  and  at  the  same  time  the  wheels  become  loose  on  their 
axles.  These  prophesies,  however,  have  not  been  realized  in  practice — 
they  arc  contratlicted  daily,  and,  indeed,  it  appears  that  disk  wheels 
hold  better  in  their  t^'res  than  spoked  ones  have  ever  done.  In  either 
case,  the  chief  element  of  secure  fastening  between  the  tyre  and  the 
wheel  consists  in  the  amount  of  strain  produced  by  the  tyre  on  the 
wheel,  this  ailhesion  being  also  increased  by  the  introduction  between 
them  at  intervals  of  bolts  or  rivets;  in  either,  the  bolts  or  rivets,  their 
action  is  identical.  It  remains,  therefore,  to  be  seen  what  the  actual 
value  of  this  binding  action  amounts  to,  in  shrinking  the  tyre  over  the 
wheel,  the  contraction  of  the  tyre  being  usually  brought  about  by  first 
heating  it,  then  passing  it  over  the  wheel.  When  thus  placed  in  posi- 
tion, buth  are  inimerse<l  in  a  cistern  of  cold  water,  where  they  are  al- 
lowed to  remain  until  the  tyre  is  sufhcieiitly  cooled.  It  should  also  be 
stated  that,  prior  to  the  tyres  being  heated,  their  internal  diameter  as 
either  rolled  or  bored,  is  to  be  slightly  less  than  the  exterior  diameter, 
of  the  wheel,  in  order  that  when  expanded  by  heat,  and  again  con- 
tracted by  cold,  they  hold  the  wheel  very  firmly. 
Let  P  =  total  pressure  of  the  tyre  upon  the  wheel. 

J?— -pressure  per  unit  of  surface. 

Z  =  width  of  the  tyre. 

r  — radius  of  the  felly  or  rim  of  the  whoel  inside  the  tyre. 

R=the  co-cllicicnt  of  elasticity  of  the  iron,  which,  in  the  present 
case,  is  taken      (1-  kil.)  for  each  square  metre. 

8=  the  section  of  the  tyre. 

The  total  pressure  of  the  tyre  upon  the  wheel,  and  reciprocally,  would 
bo 

2zrlp  =  r  .  .  (1) 

In  determining  the  tendency  to  produce  diametral  rapture,  it  was 
found  that 

;)2r/=2sR                  .                   .  (2) 

In  practice,  s      140  mill.    X  55  mill.  =  7700  mill,  en  tenant  <omptt 
du  houdiHj  when  it  woulil  be — 

;);2r=2x  7700X12  kil.  =  184800  kil.  (3) 

184800 
r=    I.,-  .  .  (4) 

making  2r  --94  m.  it  would  bo 

184800 

^^^10X-H0"-=^-^^^-  •  (^) 
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The  pressure  of  the  tyre  on  the  wheel  for  each  square  millimetre  of  its 

p  =  2ffr?p=580-052kil.  .  (6) 

The  expansion  or  stretching  of  tyre  necessary  to  produce  this  pressure 
of  580-052  kilog.  per  square  millimetre  vroukl  be 

-=h     ■  ■  (^) 

In  which 

A  =  the  elongation  of  the  tyre  has  in  metres,  for  every  metre  in 

length  ; 
P  =  resistance  of  the  wheel  tending  to  stretch  the  tyre  in  killogrammes; 
s=  transverse  section  of  the  tyre  in  square  millimetres  ; 
c=co-efficient  of  the  modulus  of  elasticity; 
Accrding  to  Poncelet,  if  p  — 12  killog.  ; 

c  =  to  20,000  kil.; 
which  would  give 

A  =  140  mill.  X  55  mill.  X  42  kil.     ^  nnnr-n  /ox 
2p00xrm =  0-00060  m.                (8) 

This  expansion  would  then  be  less  than  one  m.illimetre  for  every  metro 
in  length  of  the  tyre,  and  would  not  produce  a  pressure  of  580052  kil. 

It  follows  from  the  preceding  investigations,  that  if  the  wheel  itself 
were  positively  inflexible,  the  smallest  diminution  or  increase  of  the 
diameter  of  the  wheel  under  or  over  that  of  the  interior  of  the  tyre, 
would  either  convey  a  diminished  or  increased  pressure  upon  the  inte- 
rior surface  of  the  tyre,  the  latter  of  which  represents  the  energy  tend- 
ing to  burst  it. 

The  question  arises.  Are  disk  wheels  elastic?  It  is  absolutely  ne- 
cessary to  obtain  exact  knowledge  on  this  point. 

In  spoked  wheels,  the  total  pressure  of  the  tyre  spreads  itself  over 
nine  double  spokes,  that  is  eighteen  single  ones,  therefore  the  energy 
of  compression  of  the  tyre  that  each  one  of  these  supports,  will  be  ex- 
pressed by 

580052  kil.     oooo- i  m  /m 

— -Q —      =3222okilog.  .  .        (9) 

lo 

the  dimensions  of  spokes  being  generally — 

m. 
Length,  .  .  .  0-290 

Breadth,  .  .  .  0-073 

Thickness,  .  .  .  0-045 

According  to  M.  Morin,  the  weight  which  each  square  centimetre  of 
the  section  of  the  spoke  would  support,  would  be  relatively  to  the  pre- 
ceding conditions  =  about  600  killogrammes,  giving  therefore 

7c.5  X  lc.5  X  600  kilog.  =6-750  kilog.  .  (9) 

of  contraction,  so  that  the  tyres  could  exercise  upon  each  spoke  a  pres- 
sure of  32225  kilog.,  but  exercising  in  reality  only  about  6750  kilog., 
that  is  to  say,  a  fifth  or  thereabouts,  which  would  reduce  the  entire 
energy  exercised  by  the  tyre  upon  the  felly  to  18  X  6-750  kilog.=121,- 
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^00  kilog.,  but  it  is  Bupposed  that  the  pressure  which  the  tyre  can 
effect,  in  the  con'litions  .ibout  to  be  sliowrj,  that  the  c^^iitre  of  the  wheel 
can  support  it,  an<l  if,  as  is  seen,  tliat  the  centre  of  tlic  wheel  can  sup- 
port a  strain  five  times  less,  it  will  follow  that  the  iron  of  the  tjre 
will  endure  a  tension  which  would  correspond  to  the  resistance  offered 
by  the  wheel  itself,  and  als<j  it  will  be  diminished  in  a  projiorlion  cor- 
responding^ to  the  yieldin;^  or  bendinf;  of  the  spokes  at  the  time  of 
puttiti^  on  the  tyre.  It  should  be  admitted,  that  in  wheels  the  spokes 
of  »hich  are  straight,  and  of  a  thickness  of  lo  millimetres,  the  tyre 
could  not  exercise  an  enerfry  beyond  2-40  k.  for  each  square  millimetre 
of  its  own  section,  and  that  this  would  always  be  either  above  or  below 
this  amount  in  a  proportion  corresponding;  to  the  stiffness  or  flexibility 
uf  the  spokes.  It  is  then  enough  to  state,  that  spoked  wheels  do  not 
offer  to  the  binding  energy  of  the  tyre  a  resistance  sufficient  to  utilize 
the  entire  holding  action  it  affords. 

In  the  conditions  of  maxinmm  pressure,  the  power  that  it  would  be 
necessary  to  exert  to  cause  the  tyre  to  slip  on  the  wheel,  would  be 
•^♦3,4')0  kilogs.,  taking  8  as  the  co-efficient  of  friction. 

It  becomes  then  advantageous  to  increase  this  binding  energy  by  the 
insertion  of  five  or  six  bolts  or  rivets,  which  for  this  purpose  are  usu- 
ally of  Om.  Go')  diameter,  and  possessing  a  capability  to  resist  shearing 
of  about  oO,OUO  kilogs. 

The  tyre  influencing  and  exercising  ordinarily,  at  the  time  of  being 
put  on  the  wheel,  a  pressure  far  greater  than  that  which  it  (the  wheel) 
can  support,  since  with  only  a  slight  difference  of  the  diameter  there 
results  an  error  which,  by  precaution,  is  always  very  great,  in  conse- 
'|uence  of  the  bending  of  all,  or  of  one  part  of  the  spokes,  thereby  pro- 
ducing an  eccentricity  of  the  journal  with  the  circumference  of  the  tyre. 
Di>k  wheels  on  the  contrary,  are  never  out  of  shipe,  and  present,  at, 
each  point  of  the  circumference,  an  equal  resistance,  which  is  grrater 
than  that  of  the  wheels  with  sp(»kes,  anii  they  have  tyres  and  journals  al- 
ways concentric.  The  author  has  sought  to  determine  the  elasticity 
of  a  disk  wheel  by  calculation;  but  precedents  and  formula;  are  wanted 
to  enable  him  to  apply  himself  to  tlie  case,  it  has,  however,  been  man- 
aged by  proceeding  experimentally,  and  much  assistance  has  been  ob- 
tained by  the  facilities  and  good  feeling  that  he  has  met  with  at  the 
works  of  the  Orleans  Railway  Company. 

From  the  following  it  will  be  seen  how  powerful  the  contraction  of 
the  tyre  is,  and  how  inferior  the  resistance  of  the  centre  of  the  wheel 
is  to  it;  guided  by  these  calculations,  it  has  not  been  hesitated  to  put 
on  the  tyre  of  a  disk  wheel,  atwr  un  ic\irt  Je  di<itni:tre  of  7  millimotres. 
The  tyre  was  55  millimetres  thick,  with  127  wide.  The  centre  of 
the  disk  wheel,  furnished  par  la  Societe  Providencf^  had  the  following 
dimensions — 

Internjil  difttnetor,  .  0-920  m. 

llriiidlh  of  lh.<  frllv,  .  0-4W2 

Thukness  of  thf  ri'm  of  the  felly.  0-018 

Thiiknoss  of  the  side,  near  the  foUv,  0-018 

Woii;l.t  of  thodisk.  .  ■  .  180k. 

^Vcijjlit  of  iho  tyre,  .  192k. 
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-The  wheel  as  well  as  the  tyre  was  new ;  this  last,  made  of  iron  and 
steel,  had  been  furnished  by  M.  Verdier. 

In  order  to  see  whether  or  no  the  tyre  could  contract  the  disk  wheel, 
three  gauges  were  prepared,  the  first  with  points  at  a  distance  apart 
of  Ora.65,  the  second  Om.40,  and  the  third  at  0ai.30. 

These  measures,  applied  to  the  disk,  equidistant  from  the  centre  on 
a  diametral  line,  have  been,  as  well  as  the  diameters,  set  off  with  all 
possible  care,  and  verified  by  many  repetitions. 

It  was  found  on  taking  the  tyre  from  the  furnace  the  first  time,  that 
the  dilatation  was  not  sufficient;  it  was  then  put  back  in  the  furnace 
and  brought  to  a  red  heat,  then  put  over  the  wheel,  where  it  was  left 
until  its  temperature  was  reduced  to  that  at  which  the  tyres  are  tem- 
pered. Taken  out  of  the  water  it  was  found  sound,  and  the  following 
statements  are  made  concerning  the  body  of  the  wheel : — 

The  diameter  of  the  wheel  had  diminished  T)  millimetres. 
Two  points,  distant  Om.tio,  were  drawn  tt)gether  '1-b  millimetres. 
Those  distant  Om.40,  were  drawn  together  1-5  millimetres. 
Those  distant  Om.35,  were  drawn  together  f  millimetre. 

These  show,  in  the  most  complete  manner,  what  it  was  wished  to  estab- 
lish— the  elasticity  of  the  disk  wheels. 

As  regards  their  resistance,  it  can  be  said  that  it  is  proportionate 
to  the  power  of  contraction  of  the  tyre  : :  2  :  5  since  the  tyre  is  enlarged 
2  millimetres,  whilst  the  wheel  has  diminished  5  millimetres  ;  it  is 
equally  true  that  the  tyre  having  stretched  to  its  limit  of  elasticity, 
had  attained  a  permanent  lengthening  which  ought  to  be  deducted 
from  its  total,  to  have  the  force  vive  of  the  tyre  left  free. 

In  order  that  a  tyre,  put  on  a  disk  wheel,  might  cease  to  be  affected 
by  it,  it  is  necessary  that  it  be  lengthened;  but  the  resistance  of  the 
iron  being  sensibly  the  same  towards  the  traction  as  towards  the  crush- 
ing, the  weight  of  a  wagon  has  no  bearing  with  the  force  that  it  would 
be  necessary  to  exercise  to  produce  that  lengthening. 

(To  be  Continued.) 


0)1  the  Testing  of  Chain  Cables.    By  Frederick  Arthur 
Paget,  Esq.,  C.E. 

From  the  Journal  of  the  Society  of  Arts,  No.  598. 

It  is,  no  doubt,  generally  known  that  a  select  committee  of  the  House 
of  Commons  is  now  considering  a  bill  for  the  compulsory  testing  of  the 
chain  cables  and  achors  of  merchant  vessels.  This  may  be  said  to  lend 
a  passing  interest  to  a  question  which,  however,  needs  no  chance  help 
in  calling  for  our  attention. 

Without  entering  into  lengthy  statistics,  or  calculating  the  number  of 
times  that  the  total  length  of  all  the  chain  cables  in  actual  use  would  mea- 
sure round  the  world,  we  should  be  scarcely  mistaken  in  the  supposition 
that  in  different  parts  of  the  globe  there  are,  at  this  very  moment,  many 
hundreds  of  valuable  lives,  and  thousands  worth  of  property,  in  each 
case  dependent  upon  a  single  link  of  the  hundred  fathoms  that  make  up 
the  length  of  an  average  chain  cable ;  for  there  are  situations  in  which  a 
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ship  is  often  placed  wherein  the  cable  must  be  literally  the  thread  of  life 
of  the  vesHol.  To  the  s'-ainen  of  the  present  a;re,  the  iron  cable,  thon;^li 
of  coniparutively  recent  intro<luction,  is  a  common  everj-day  thing. 
Those  of  the  last  generation  could  rcnieniber  the  time  when  onlj  hempen 
cables  were  in  use.  The  naval  men  of  that  time  were  thus  K-d  to  look 
upon  chain  cables  us  the  most  precious  gift  ever  made  in  modt-rn  times 
to  the  mariner — to  repeat  the  words  of  the  late  distinguished  Cuptuiu 
Basil  Hall. 

Now,  although  we  have  been  testing  chain  cables  according  to  certain 
Admiralty  regulations  established  ever  since  iHol,  although  the  naval 
adminihtrutions  of  France,  Kussia,  and  other  countries  have  exactly 
copied  these  regulations,  and  although  Lloyds'  have  adopted  the  Ad- 
miralty test — which  is  somewhat  morr.  than  the  so-called  "merchant" 
test — it  is  a  remarkable  fact  that  a  diflcrence  of  opinion  with  regard 
to  almost  every  point  connected  with  the  use  and  testing  of  chain  cables 
still  exists  amongst  engineers  and  other  men  of  science.  This  differing 
of  doctors  is  very  strikingly  shown  by  the  IJlue  Book  report  from  the 
18G0  Select  Committee  of  the  House  of  Commons  on  anchors  and  chain 
cables  for  the  merchant  service.  One  witness  stales  that  oO  per  cent, 
of  the  loss  of  life  by  shipwrecks  are  due  to  bad  cables  and  anchors  ; 
another  that  very  frw  wrecks  occur  through  bad  anchors  and  cables. 
One  objects  to  the  Navy  proof  as  being  too  high ;  another  as  too  low. 
One  witness  considers  that  the  cross-stay  does  not  add  to  the  strength 
of  the  link  ;  another  that  the  cross-stay  is  a  great  inijirovenicnt.  In  the 
same  way,  directly  contrary  opinions  were  elicited  iVom  diflerent  wit- 
nesses with  regard  to  the  duration  of  cables  under  wear,  their  re-test- 
ing, re-annealing,  and  other  points.  A  similar  want  of  agreement  on 
these  matters  exists  in  France;  and  it  would  thus  aj)pear  that  several 
interesting  engineering  (|uestions,  connected  with  the  t.trength,  the 
testing,  and  the  re-tcsting  of  chain  cables,  ofler  a  fair  Held  for  a  prac- 
tical examination. 

According  to  the  Admiralty  regulations,  an  iron  chain  cable  has  to 
consist  of  eight  lengths,  each  1*2^  fathoms  long,  including  one  swivel 
in  the  middle  of  every  other  length,  and  one  joining  shackle  to  each 
length.  Neglecting  the  swivels  and  shackles,  each  link  may  be  de- 
scribed as  a  cylinder,  the  axis  of  wiiich  is  wound  into  a  shape  approxi- 
mating to  that  of  an  ellipse.  'J'hc  width  over  all,  or  across  the  minor 
axis,  is  made  3^  diameters  (full)  of  the  cylindrical  bar,.  The  length 
over  all,  or  across  the  major  axis  of  the  supposed  ellipse,  is  six  diame- 
ters. The  cast  iron  stud  across  the  minor  axis  is  made  O'G  of  a  «li;inieter 
in  the  centre,  and  one  diameter  at  each  of  its  ends.  This  stud  n»tt  merely 
nets  as  a  cross-stay,  but  also  preserves  the  fn-edom  of  the  juints,  or 
what  nu«y  be  termed  the  mechanical  llexibility  of  the  cable.  The  Wfighl* 
are  of  course  exactly  fixe«l  in  the  government  tenders.  The  weight  of, 
for  instance,  a  one  incii  link  stay-pin  must  not  exceed  S|  ounces,  and 
the  weight,  fixed  by  contract,  of  a  hundred  fathoms  of  cable,  in  eight 
Icngtlis,  including  4  swivels  and  8  joining  shnekles,  mu>l  not  be  ex- 
ceediil  by  more  than  l--Oth  part.  The  experience  of  many  centuries 
has  determined  the  sizes  of  hempen  cables  for  ships  of  a  gi\en  ton- 
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nage;  and,  the  sizes  of  the  hempen  cable  being  thus  given,  it  is  easy 
to  substitute  a  chain  cable  of  the  required  strength.  Mr.  J.  R.  Napier 
has  proposed  a  formula,  according  to  which  one-eighth  of  the  cube  root 
of  load  displacement  would  give  the  diameter  of  the  chain  cable  usually 
employed  by  steamers  of  the  present  form.  In  the  Admiralty  com- 
parative table,  showing  the  weights  and  strengths  of  stud  chains  and 
hempen  cables,  there  is  a  noticeable  relation  between  the  girths  of  the 
hempen  cables  and  the  diameters  of  the  iron  employed  in  chain  cables. 
The  number  of  inches  of  the  circumferences  of  the  hempen  cables 
pretty  nearly  expresses  in  lines,  or  twelfths  of  an  inch,  the  diameters 
of  the  iron  cables  of  equal  breaking  strength.  The  material  of  the  links 
is  No.  3  rolled  bar,  and  very  good  cable  bolts  generally  cost  from  £1 
to  <£2  above  common  bars.  According  to  experiments  by  Telford, 
Hodgkinson,  Mr.  Edwin  Clark,  and  Mr.  Kirkaldy,  and  also  according 
to  numerous  experiments  at  Woolwich,  we  may  safely  take  the  ultimate 
breaking  strength  of  cable  bars  at  24  tons  to  the  square  inch,  and  their 
limit  of  elasticity,  under  a  tensile  stress,  at  12  tons  to  the  square  inch. 
These  bars  would  stand  a  pressure  up  to  deformation  of  18  tons  to 
the  square  inch,  and  15  tons  pressure  at  the  elastic  limit.  The  ultimate 
tensile  strength  of  a  round  bar  of  this  iron  would  thus  be  nearly  19  tons. 
According  to  the  evidence  of  the  leading  man  of  the  test  house  at 
"Woolwich,  in  1860,  this  ultimate  statical  breaking  strength  is  only 
occasionally  exceeded,  when  it  rises  up  to  about  20  tons  for  one-inch 
round  bar,  or  25-33  tons  per  square  inch.  He  also  stated  that  a  great 
number  of  experiments,  made  at  Woolwich,  showed  the  greatest  break- 
ing strength  of  one  inch  chain  cables  to  be  only  28-31  tons.  Contrary 
to  the  popular  assumption  that  a  stud  link  should  be,  in  the  direction 
of  its  length,  twice  the  strength  of  a  single  bar,  this  result  would  show 
a  loss  in  strength  of  28-75  per  cent.  According  to  the  comparative 
table  published  by  the  Admiralty,  the  one-inch  bolts  should  stand  21 
tons  8  cwts.,  and  the  stud  link  therefrom,  3-4  tons  5  cwts.  It  also 
appears  to  have  been  assumed  (for  it  could  scarcely  have  been  proved 
by  experiment)  that  the  strength  of  the  cable  bolt,  and  of  the  link 
therefrom,  both  increase  almost  exactly  in  the  ratio  of  the  diameter 
of  the  bars.  Thus,  the  breaking  of  two-inch  bolts  is  given  as  21  tons 
8  cwts.,  X4  =  85  tons  12  cwts.,  to  which  two  tons  are  added;  the 
strength  of  chain  therefrom  as  34t.  5  cwt.  X  4  ==  137  tons,  and  the  proof 
as  18X4  =  72  tons.  It  is,  however,  well  known  to  engineers  that,  as 
a  rule,  a  two-inch  bar  is  not  practically  four  times  as  strong  as  a  one- 
inch  bar  of  even  exactly  the  same  make  and  by  the  same  maker,  and 
that  the  strength  becomes  less  and  less  as  the  bulk  still  further  increases. 
The  proportions  adopted  by  the  Admiralty  appear,  however,  to  com- 
pensate for  this  loss,  and  there  is  very  nearly  the  same  average  ratio 
of  breaking  strength  to  diameter  in  all  chains  from  five-eighths  to  two 
inches.  But,  even  according  to  the  Admiralty  tables,  there  is  a  re- 
markable amount  of  strength  lost  in  forming  the  iron  into  the  link. 
This  loss  of  strength  was  well  known  to  Sir  Samuel  Brown,  the  intro- 
ducer of  chain  cables.     He  thus  patented,  in  1817,  the  straight  link 
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used  in  suspension  bridges,  and  first  applied  it  to  the  Brighton  chain 
pier. 

There  are  several  reasons  why  a  portion  of  the  strenp^th  of  the  bar 
should  he  lost  in  forming  it  into  a  cable  link.  The  jirincipal  causes 
arc  : — 1st.  The  inechaniciil  shape  of  the  link  ;  2d.  The  crushing  stress 
undergone  by  the  insides  of  the  crowns  ;  3d.  The  deterioration  in 
strength  of  the  iron  through  its  being  bent ;  4th.  The  loss  of  strength 
at  the  welds. 

In  the  first  place,  each  link  is,  when  the  cable  is  pulled  in  the  direc- 
tion of  its  length,  sultjectcd  to  a  transverse  strain  at  each  of  its  ends 
or  crowns,  and  is  somewhat  in  the  condition  of  a  curved  beam  loaded 
in  the  middle.  An  originally  curved  beam  is,  with  regar<l  to  bending 
stress,  in  the  same  condition,  at  any  cross-section  at  right  angles  to 
its  neutral  surface,  as  a  straight  beam  under  the  same  moment  of  flexure. 
The  moment  of  flexure  of  one  end  of  a  common  unstayed  link  can  bo 
expressed  in  inch-pounds  by  multiplying  half  the  span,  or  half  the  dis- 
tance in  the  clear,  by  the  load  in  poumis.  In  the  case  of  the  stayed 
link,  luiwever,  the  moment  of  thrust  of  the  cross-stay  has  to  be  sub- 
tracted from  the  moment  of  the  bending  force.  The  mechanically  weak- 
est part  of  any  link  is  thus  at  the  crowns.*  Now,  it  is  a  curious  fact, 
that  all  the  writers  on  the  strength  of  materials,  from  Professor  l*eter 
Jiarlow,  Mr.  Edwin  Clark,  and  others,  down  to  General  Morin,  in  1802, 
♦  For  the  sake  of  simplicity,  let  us  suppose  tho  cros8-«cctionul  urea  of  the  link  M 
inflnildy  mnull  coinnured  willi  iu  major  and  minor  axe*,  Knd  suppose  it  providi-U 
witli  a  iToss-Htay.  Li't  -l*  denote  tlio  whole  iiuHin;;  force; 
I'll  the  thrust  of  tho  otay  ;  T  the  tension  at  A.  For  the  equili- 
brium of  tho  quarter  link,  «,e,a,  wo  have  tho  forces  iMi,T. 
and  tho  fon-es  at  H  ariiiin;;  from  tlie  left-hand  quarter  at  A. 
From  (.ymmeiry  thin  munt  be  horizontal  (in  the  fijjure),  and 
wo  mu.Hl  therefore  have  :  — Force  at  »  =  it,  and  t  =  P.  The 
moment  of  tho  bendinp  force  at  m  i*  thereft)re  not  pX<'*> 
but  only  PX"*. —  RX*^"-  ^'"  '''"  •'t'»«"'"  l"«nJ.  "*ben  tho 
link  is  on  the  point  of  breaking  by  opeiiini;  at  H,  tho  tension 
will  not  be  equal  to  the  ultimate  ien»ion  throughout  the  sec- 
tion at  i«,  but  only  at  tho  lowest  |>oint,  and  when  this  has  K'vcn 
way  a  little,  tho  tenxion,  previously  ^up|M)rted,  is  thrown  on 
n  tlbro  higher  up,  which  then  gives  way,  and  so  on.  ilenco  the  strength  is  less  than 
if  ihu  tciiiiiou  wcro  throughout  the  section  ua  great  as  jtoMtble. 
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give  the  strength  of  a  link  furnished  with  a  cross-stay  to  be  equal  to 
that  of  the  iron  of  which  the  link  is  made. 

In  a  mathematical  sense,  the  contact  between  the  links  is  only  at 
a  point,  because  it  is  a  case  of  two  cylinders  touching  each  other  at 
right  angles.  Under  a  load,  this  point  will  spread  out  to  a  surface  of 
an  area  given  by  the  amount  of  the  load  and  by  the  compressibility  of 
the  iron.  This  surface  will  then  probably  increase,  in  the  case  of  a  one- 
inch  cable  under  a  load  of  nine  tons,  up  to  more  than  half  a  square 
inch.  And  thus  at  the  ends,  the  softer  and  more  ductile  the  iron,  the 
sooner  will  it  be  worn  away  in  practice,  and  the  progressive  deterio- 
ration caused  by  this  crushing  action  will  also  be  furthered  by  the 
friction. 

An  attempt  to  account  for  the  reduction  in  strength  through  the 
bending  of  the  cylindrical  bar  has  next  to  be  made.  Wrought  iron 
is  known  to  be  a  crystallized  body,  belonging  to  the  cubic  system. 
Now,  Mr.  Mallet,  in  his  important  work  "On  the  Physical  Conditions 
involved  in  the  construction  of  Artillery,"  has  shown  that  these  crys- 
tals are  not  grouped  amorphously  (or  without  distinct  arrangement) ; 
but  that  they  always  take  a  certain  determinate  position.  He  has  de- 
veloped the  law  that  "  iron,  whether  in  the  state  of  cast  or  of  wrought 
iron,  has  the  principal  axes  of  its  integrant  crystals  arranged  in  the 
lines  of  least  pressure  within  the  mass,"  while  exposed  to  pressure  and 
heat  in  progress  of  manufacture.  The  principal  axes  of  the  crystals  in 
a  rolled  bar  would  thus  be  set  in  a  direction  coincident  with  the  length 
of  the  bar,  and,  from  the  property  of  malleability  possessed  by  these 
metallic  crystals,  they  would  further  take,  under  the  pressure  of  the 
rolls,  or  the  impact  of  the  forging  hammer,  the  longitudinal  extension 
known  as  the  "fibre  "  of  wrought  iron.  Mr.  Edwin  Clark  found  that 
bars  cut  longitudinally  and  transversely  to  the  fibre  of  the  same  plate 
of  an  excellent  quality  of  iron,  gave  with  the  fibre  a  strength  of  from 
19-66  to  20-2,  and  across  the  fibre  a  strength  of  only  16-7  tons  to  16-93 
tons.  The  ultimate  elongation  also  of  the  plate  in  the  line  of  the  fibre 
was  double  as  great  as  transverse  to  it.  A  great  number  of  experiments 
by  Mr.  Kirkaldy  gave  somewhat  similar  results.  He  found  that  the 
difi'erence  averaged  from  21-7  to  2-1  per  cent.,  the  mean  difi'erence  in 
the  whole  being  9-8  per  cent,  in  favor  of  the  direction  of  the  fibre. 
The  respective  ultimate  elongations  were  also  in  almost  the  same  rates 
as  those  found  by  Mr.  Clarke.  It  would  thus  appear  from  these  experi- 
ments, and  from  a  consideration  of  Mr.  Mallet's  law,  that  both  the 
elastic  range  and  breaking  strength  of  wrought  iron  of  any  given  quality 
are,  to  a  certain  amount,  dependent  on  the  direction  of  the  crystalline 
axes  in  relation  to  the  strain;  and  further,  the  elasticity  would  be  at 
a  maximum  in  the  direction  of  the  principal  axes  of  the  crystals,  or 
"line  of  fibre."  The  crystals  in  a  bar  subjected  in  the  direction  of  its 
longitudinal  axis  to  a  tensile  or  compressive  stress,  would  thus  be  in 
the  most  favorable  condition  with  regard  to  its  ultimate  breakinfj 
strength  and  its  elastic  limit.  But  when,  say,  a  red-hot  bar  is  being 
bent,  the  principal  axis  of  its  crystals  would,  according  to  the  law  of 
cross-bending  strains,  arrange  themselves  above  and  below  a  neutral 
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axis  in  tlie  iliroction  of  least  pressure  within  tho  mass;  the  neutral  axis 
would  prohaljly  pass  throuf:h  the  centre  of  gravity  of  the  bar,  the  fibres 
on  the  cf»ncave  f«i<le  vrouM  be  compref^fle"!,  and  thuse  on  the  curved  side 
would  elonfr:ite  in  the  ratio  of  their  distances?  from  the  neutral  axi;*. 
The  hot  iron  itself  would  be,  at  any  rate  on  the  concav««  side,  under  a 
sontewhat  .similar  influence  as  when  passing  through  the  last  pair  of 
rolh,  but  the  directions  of  least  pressure,  instead  of  being  coincident 
with  the  length  of  the  bar,  would  be  at  right  angles  to  tangents  to  tho 
neutral  axi.s.  Much  of  this  is,  of  course,  foumled  on  several  unj.rov.'d 
assumptions,  but  it  is  at  any  ratf  evident  that  tho  tnolecular 
nient  of  the  iron  at  the  crown  of  the  link  is  in  the  worst  coii  . 
resisting  the  tensile  and  compressive  strains  on  each  side  of  a  neutral 
axis  that  make  up  the  compound  action  of  a  transverse  stress.  The 
late  J'rofessor  Daniel's  process  for  unmasking  the  fracture  and  the 
arrangement  of  the  fibre  of  wrought  iron,  by  immersing  the  piece  in 
dilute  hydrochloric  acid,  would  doubtless  reveal  a  distortion  of  the  crys- 
tals round  a  neutral  axis. 

It  Would  thus  ap{)ear  that  the  crown  of  the  link  is  its  weakest  part. 
This  is,  however,  very  far  from  being  prnctieally  the  case.  Each  link 
has  of  course  to  be  welded  up,  ami  the  webl  is  one  of  the  sid-  '  '  \. 
long  scarf,  in  order  to  get  a  large  welding  surface.  When  w» 
that  there  are,  in  round  numbers,  IHOO  links,  and  consequently  l^tnj 
Welds,  in  a  one-inch  hundred  fathom  chain  cable,  and  also  that  the 
eflieiency  of  the  cable  depends  on  each  individual  link,  the  paramount 
importance  of  tho  welds  is  obvious.  In  nine  cases  out  often,  while  in 
use  and  while  being  tested,  the  links  are  found  to  give  way  at  the  sides. 
J*»re:ikages  would,  c<rteriit  puribun,  have  a  tendency  to  occur  at  the 
welds  with  good  iron  but  bad  workmanship,  and  in  the  iron,  and  not 
in  the  weld,  if  good  workmanship  but  bad  iron  were  employed.  The 
uncertainty  of  welds  is  in  any  case  well  known  to  practical  men,  Mr. 
Kirkaldy  has  made  some  eighteen  experimei\ts  on  the  relative  strengths 
of  welded  joints  in  wrought  iron.  Some  of  tl«<'sc  welds  were  made  by 
a  chain  maker.  Only  six  o(  the  specimens  broke  solid  away  from  the 
Weld,  and  in  every  case  there  was  a  loss  of  ultimate  breaking  strength 
averaged  from  lit)  to  4:^  per  cent.,  the  mean  being  nearly  liU  percent. 
As  with  almost  every  thing  else  belonging  to  the  subject  of  chain  cables 
one  of  the  witnesses  before  tho  Committee  of  IHGO  raise<l  the  <|iMstion 
whether  the  position  at  one  of  the  sides  was  the  best  f<>r  the  wel  1.  Mr. 
Smale,  of  Woolwich,  propo>;.Mi  to  weld  the  link  at  the  crown,  as  t!>ere 
woubl  thus  be  more  room  \'<r  the  smith,  and  any  bad  weld  would  be 
less  hidden  by  the  cross-stay.  The  crown  is,  however,  as  we  have  seen 
ab  initio,  the  weakest  part  of  the  link.  Hesitles,  if  a  weld  at  the  side 
gave  way,  the  other  half  tnight  catch  and  save  the  cable;  at  th«»  wm^ 
time,  however,  a  sudden  iriv  ing  way  at  the  weld  would  cause  .»• 
taneous  dist«>rtionand  pr'»l>:ii>le  rupture  of  the  opposite  side,  a-  .- 

den  "run"  of  the  cable  would  act  with  an  impulsive  force.  In  fact, 
when  iron  cables  were  first  introduced,  tho  welds  were  made  at  the 
crown,  but  the  plan  had  to  be  given  up.  It  is  clear  enough  that 
there  are,  c<eteri$ paributy  three  weak  places  in  a  link  where  any  effects 
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of  stress  would  first  show  themselves, — the  two  crowns  and  the  weld 
at  the  side. 

We  thus  see  what  a  powerful  element  of  uncertainty  is  brought  by 
the  uncertainties  of  workmanship  into  such  an  apparently  simple  thing 
as  a  chain  cable.  When,  however,  we  remember  that  the  very  best 
wrought  iron  of  commerce  is,  to  use  the  words  of  the  well-known  metal- 
lurgist Saint  Claire  Deville,  but  a  metallic  sponge,  like  platinum,  the 
pores  of  which  have  been  simply  closed  up  by  pressure  or  percussion; 
that,  in  one  word,  ordinary  wrought  iron  has  never  as  wrought  iron, 
been  fused,  it  will  be  seen  that  the  uncertainties  qualifying  the  material 
itself  are  still  greater.  Mr.  Mallet  thus  found  that  while  the  original 
hammered  slab  of  a  very  large  forged  mass  had  a  breaking  strength 
of  2-1  tons  to  the  square  inch,  it  fell  progressively  to  17  and  16  tons 
at  the  diiferent  places  of  the  mass,  down  to  even  as  low  as  6|^  tons  in 
some  parts.  Unless  this  iron  had  been  burnt  its  tenacity  could  doubt- 
less hav^e  been  restored,  and  if  drawn  into  wire,  its  breaking  weight 
might  have  been  increased  to  perhaps  90  tons  to  the  square  inch — at 
least  before  annealing.  An  average  of  188  experiments,  made  by  Mr. 
Kirkaldy  on  rolled  bars,  gave  a  maximum  breaking  strength  of  30f  tons, 
and  a  minimum  of  nearly  20  tons  to  the  square  inch.  These  influences 
of  the  manufacture  merely  on  the  quality  of  wrought  iron  are  almost 
independent  of  the  chemical  constitution  of  any  individual  bar.  For 
instance,  until  it  be  proved  to  the  contrary,  there  are  many  reasons  for 
the  general  belief  that  the  cold  shortness  of  wrought  iron  is  due  to  the 
presence  of  silicon  and  carbon;  and  its  hot  shortness  to  that  of  sul- 
phur. A  fractional  per  centage  of  copper  also  makes  wrought  iron 
hot  short.  In  truth,  there  are  probably  no  two  bars  or  parts  of  a  bar 
of  an  exactly  similar  chemical  composition,  or  in  an  exactly  similar 
state  of  molecular  aggregation,  and  therefore  of  an  exactly  similar 
breaking  strength  or  elastic  limit.  Even  these  are  only  a  few  of  the  ele- 
ments of  uncertainty  in  structural  materials.  But  when  we  further  take 
into  account  the  varied  strains  of  extension,  compression,  distortion, 
twisting,  and  bending,  to  which  mechanical  structures  are  more  or  less 
subject;  that  the  work  done  by  a  gradually  applied  load  is  doubled  if 
this  load  be  applied  suddenly ;  that  the  impulsive  strain  of  a  moving  load 
is  generally  more  or  less  intensified  by  vibration;  and  that  the  varied 
shapes  and  arrangements  intended  to  receive  these  strains  must  be 
often  as  much  fixed  by  financial  as  by  scientific  considerations,  then 
the  reason  that  the  best  engineering  practice  makes  the  ultimate  strength 
of  a  wrought  iron  structure  from  four  to  six  times  the  working  load 
must  be  even  popularly  evident.  But  these  factors  of  safety  are  not 
sufficient.  The  structure  must  be  tested  as  searchingly,  and  as  far  as 
is  consistent  with  safety — as  far  as  is  possible  without  injuring  the  ma- 
terial and  its  relation  to  the  structure.  In  our  case  this  limit  is,  in 
the  main,  given  by  the  limit  of  elasticity  of  wrought  iron  under  exten- 
sion, as  this  limit  is  less  for  wrought  iron  than  that  of  compression. 
It  is  also  self-evident  that  the  mode  of  testing  adopted  ought  to  ap- 
proximate as  nearly  as  practicable  with  the  kind  of  stress  the  object  is 
intended  to  undergo  in  practice.  It  is  also  evident  that  if  circumstances 


On  the  Teiting  of  Chain  Cablet.  93 

allow  UB  to  exceed  thin  limit,  if,  in  fact,  we  can  push  the  test  as  f.-irn^ 
the  brcakirifi;  strengtli  of  ii  portion,  or  of  an  individual  piece  of  t": 
ject,  we  himll  obtain  tlie  ttafe^t  amount  of  information  about  itfiuuai 
In  this  way  ^un.s  and  |)lutus  arc  both  tested  to  destruction.     In  order 
to  tcHt  the  probable  performance  of  rails  under  a  moving;  load,  a  certain 
number,  taken  from  a  lot,  are  broken  by  a  falling  wei;^ht,  ibe  distance 
between  the  supports  and  the  height  of  fall  being  fixed  bv 
The  French  test  their  railway  carriage  axles  in  a  somcwi 
manner.    There  is  no  test  so  good  as  a  blow  for  delecting  a  false  weld. 
In  Sweden  they  do  not  confine  themselves  to  the  usual  gunpowder  proof 
for  gun  barrels,  but  two  or  three  sharp  taps  with  a  hammer  arc  given 
along  the  breach,  which  have  an  immediate  effect  on  a  bad  weld.    All 
the  whipjde  chains  for  the  carriagei  of  the  Uoyal  Swedish  Artillery 
are  tested  by  letting  the  loose  end  fall  from  a  height  double  the  length 
of  the  chain,  after  being  attached  to  a  weight.     The  anchors  for  tho 
French  imperial  marine  arc  tested  by  being  dropped  from  a  determined 
heieht  for  each  size.     The  axles  for  the  carriages  of  the  Me.-sageries 
GtMu-rales  and  the   Imperial  Artillery  are  testeil  by  ti>e  imj»;4<t  of  a 
falling  weight.    All  tho  .swords  and  sabres  for  the  arnty  are  ' 
striking  the  blades  on  a  block  of  wood.   When  we  advance  fri  -i 

to  considerable  structures,  we  are,  of  course,  obliged  to  very  carefully 
confine  ourselves  within  the  limits  of  elasticity.  After  loading  a  rail- 
vray  bridge  with  the  greatest  passive,  or  perhaps  impuKsive  loail  that 
"would  ever  come  upon  it  in  practice,  the  deflection,  and  the  permanent 
set,  if  any,  arc  both  carefully  noted.  As  a  boiler  is  subjected  in  prac- 
tice to  a  complex  train  of  mechanical  and  chemical  forces  that  arc  al- 
ways striving  to  break  their  bounds,  its  ultimate  strength  is  made  frnn 
six  to  eight  times  the  working  stress,  and  it  ought  to  be  periodically 
tested  to  half  its  working  presjiure.  Its  extension  under  this  pressure 
is  sonu'times — and  should  always  be, — nieasured  by  the  volume  of  water 
that  is  pumped  in  by  pressure  after  the  boiler  has  been  fillc«l  ;  while 
the  permanent  set  is  dctermintd  by  the  differeiicc  between  the  volume 
pressed  out  by  the  contraction  of  the  boiler  >«hen  the  pressure  is  with- 
drawn, and  the  volume  of  the  water  that  remains  in  the  boiKr  after 
the  test — allowance  being  of  course  niade  for  any  slight  leakages  and 
sweating  at  the  joints.  In  fiist-elass  loeomotive  works  the  dellexion 
and  |»ermanent  set  of  the  steel  springs  are  always  tested  in  an  appar- 
tus  1  >r  tho  purpose.  It  may  hero  be  remarked  that,  although  the  de- 
signs of  all  the  successful  wrought  iron  structures  ever  built  have  been 
based  on  the  assumption  of  a  limit  of  elasticity,  nevertheless  the  rela- 
tion of  the  permanent  set  of  wrought  iron  to  i'-  " 
undi-r  a  givin  load,  is  still  a  subject  of  sonic  di- 

the  one  hand,  the  testimony  of  i'nd'essor  Faton  liodgktnson,  who  savs 
that  "the  maxim  of  loading  boilies  within  the  elastic  limit  has  no 
foun«hition  in  nature  ;"  and,  on  the  other  hand,  some  appear  to  believe 
that  iron  is  even  improve«l  by  breaking  it  under,  at  b;i>t,  a  t«  i.-  ! 
stress.  Mr.  llodgkin.-on  found  that  a  roil,  10  feet  long  and  i-f  une >.j  i  .; 
iiu-h  section,  took  a  pernian«  nt  set  of  0  t'UO,)  of  an  inch  under  a  ^l,;^llc 
load  of  less  than  1^  tons.    Mr.  Fdwin  Cl.uk  i>Ltainid  very  similar  re- 
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suits.  Such  a  microscopic  set,  however,  could  be  referred  to  the  elon- 
gation caused  by  the  lieat  generated  by  the  internal  friction  of  tlie 
particles,  or  to  the  probable  fact  that  these  bars  were  also  new;  and  it 
is  conceivable  that  they  might  have  taken  a  slight  permanent  set,  just 
as  new  rope  takes  a  permanent  set,  without  injury,  when  the  strain  is 
first  applied.  There  are,  indeed,  very  few  forms  of  wrought  iron  in 
which  its  internal  particles  are  not,  ab  initio,  subject  to  some  mutual 
strain.  At  any  rate,  these  elongations  were  very  slight,  and  increased 
uniformly  up  to  tensions  varying  from  about  10  to  15  or  16  tons  on  the 
square  inch.  Beyond  these  strains  the  bars  elongated  in  an  irregular  man- 
ner until  they  at  last  broke.  At  the  same  time,  as  Dr.  Rankine  remarks, 
the  demonstration  by  Mr.  E.  Hodgkinson  that  a  set  is  produced  by  a 
strain  much  less  than  what  would  injure  the  specimen,  renders  the  de- 
termination of  the  proof-strength  a  matter  of  some  obscurity  ;  but  Dr. 
Rankine  points  out  that  the  best  test  now  known  is  the  not  producing 
an  increasing  set  by  the  repeated  application  of  a  load.  Some  years 
ago,  Mr.  Loyd,  of  AVoolwich,  made  certain  experiments  which  have 
been  cited  as  proving  that  a  breaking  strain  does  not  injure  iron,  even 
when  this  strain  is  four  times  repeated  ;  or  rather,  that  after  breaking 
a  bar  into,  say,  two  pieces,  the  two  pieces  are  thereby  made  stronger. 
In,  for  instance,  experiment  2,  the  1-^-  bar  marked  C  was  found  to 
break  with  332  tons,  with  a  stretch  of  9|-  inches  in  54  inches;  a  piece 
of  this  bar  then  broke  at  35^  tons,  with  a  stretch  of  only  a  quarter  of 
an  inch  in  36  inches ;  another  piece  of  the  bar,  24  inches  long,  was 
broken  at  37  tons,  Avith  a  stretch  of  one  inch  ;  and  at  the  fourth  and 
last  breakage  was  found  to  give  way  at  38|  tons,  but  without  any 
stretch  at  all.  Results  of  a  similar  delusive  kind,  obtained  by  Professor 
Walter  Jolinson,  were  communicated  by  him  to  the  United  States 
government  in  1845.  He  found  that  by  heating  a  bar  to  a  tempera- 
ture of  400°  Fahrenheit  (or  the  temperature  of  steam  at  about  250  lbs. 
pressure),  and  stretching  it  permanently  for  about  6  J  per  cent,  of  its 
length,  it,  on  being  broken,  gave  an  ultimate  breaking  strength  about 
20  per  cent,  higher  tlian  a  portion  of  the  bar  that  had  not  been  heated 
and  stretched,  lie  therefore  supposed  that,  to  use  his  own  words,  "  the 
value  of  useful  purposes,  added  to  a  bar  of  iron  by  thermo-tension, 
when  the  increase  of  both  length  and  tenacity  is  taken  into  account, 
may  be  safely  set  down  at  26  per  cent,  of  its  original  value.  It  some- 
times exceeds  30  per  cent.  On  a  single  cable,  100  fathoms  long,  made 
of  iron  21  inches  in  diameter,  weighing  about  15  tons,  and  attached 
to  a  line-of-battle  ship,  the  g«in,  in  true  commercial  value,  would  not 
probably  fall  short  of  600  dollars."  A  machine  was  made  by  the 
American  government,  in  order  that  the  Professor  might  apply  his 
principle  of  "thermo-tension"  directly  to  chain  cables,  but  as  nothing 
else  ever  appears  to  have  been  heard  about  the  matter,  we  have  thus, 
as  usual,  lost  another  of  the  lessons  always  taught  by  scientific  accounts 
of  scientific  failures.  The  pitch  chains  of  the  old  engines  of  the  Great 
Britain  are  stated,  by  Mr.  Guppy,  to  have  been  stretched  one-eighth 
of  an  inch  while  at  a  low  red  heat.  This  was,  no  doubt,  an  excellent 
method  for  testing  the  soundness  of  the  work.     Captain  Blakely  also 


Prevenlion  of  Steam  Boiler  Explosions.  Oo 

stretches  the  hoops  that  are  shrunk  on  his  guns.  This  is  done  on  a 
mtiundre!,  and  while  the  rin<:8  are  at  a  red  heat ;  but  it  is  stated  that 
only  one-sixth  of  the  hreakinfr  strain  of  the  col«l  metal  is  applied.  Ihe 
action  of  the  inaundrel  also  probahly  re-arranges  the  crystalline  a;:-re- 
iTiition  which  had  been  disturbed  by  bendinj,'  tlie  rin;;  from  a  straight 
slab.  The  red  heat  of  iron  is  only  visible  in  daylij^dit  at  a  temperature 
of  1077  degrees  Fahr.,  and  the  heat  used  by  Professor  Johnson  was 
only  from  400  to  500  defrrees.  But  the  "  gain  of  length  "—the  per- 
manent set,  in  fact— of  from  5  to  nearly  7  per  cent.,  suQiciently  shows 
that  the  bars  had  either  been  broken  or  were  close  upon  fracture. 
His  results,  in  fact,  merely  anticipated  those  of  Mr.  Lnyd.  The  break- 
ing strength  of  his  bars  was  doubtless  increased,  but  with  a  proportion- 
ate diminution,  perhaps,  indeed,  a  complete  destruction,  of  their  elasti- 
city. They  were  rendered  harder,  for  what  is  the  hardness  of  a  body 
but  the  resistance  of  its  particles  to  any  t.Mnporary  re-adjustment.  The 
longitudinal  elongation  was  accoinj)anied  by  a  lateral  eontraction  of 
the  cross-sectional  area  that  would  reach  its  culminating  point  at  the 
part  where  fracture  happened  to  take  place.  Exactly  the  same  argu- 
ment, founded  on  similar  experiments  on  cables  themselves,  was  used 
before  the  1800  Committee,  in  order  to  prove  that  cables  are  not  in- 
jured by  a  breaking  strain;  but  a  mere  statement  of  the  progressive 
diminution  of  the  elongations  would  have  detected  the  fallacy. 

(To  bo  Continued.) 
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[licport  of  Chief  Engineer,  Janusiry  •'>,  1801.] 

From  llio  Loud.  Mtflinnlc'«  Ma^azin^,  Krb.,  ISOl. 

During  the  past  month  there  have  been  examined  4GG  engines  and 
730  boilers.:  Of  the  latter,  11  have  been  examined  internally,  75  tho- 
roughly, and  045  externally,  in  addition  to  which  11  of  these  boilers 
have  been  tested  by  iiydraulic  pressure.  The  following  defects  have 
been  found  in  the  boilers  examined:— Fracture,  13  (1  dangerous);  cor- 
rosion, 21)  (5  dangerous);  safety-valves  out  of  order,  2;  water-gauges 
ditto,  11  (1  dangerous);  pressure-gauges  ditto,  24;  feed-apparatus 
ditto,  2;  blow-out  apparatus  ditto,  51  ;  fusible  plugs  ditto,  8;  furnaces 
out  of  shape,  2  (1  dangerous) ;  over-pressure  G  ;  deficiency  of  water,  1 
(dangerous);  blistered  i)lates  1.  Total  150  (1»  dangerous).  Boilers  with- 
out glass  water-gauges  7  ;  without  pressure-gauges,  7  ;  without  blow- 
out apparatus,  31 ;  without  back-pressure  valves,  3G. 

Instances  of  serious  as  well  as  of  dangerous  corrosion,  both  internal 
and  external,  continue  to  bo  met  with,  which  shows  the  importance  of 
all  the  plates  of  a  boiler  being  rtgularly  submitted  to  careful  exami- 
nation. 
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Among  other  cases  of  corrosion  which  have  been  met  with  during 
the  past  month,  the  details  of  the  following  may  be  briefly  given.  In 
one  instance,  a  boiler  lately  put  under  the  charge  of  the  Association, 
was  found  on  the  removal  of  a  portion  of  the  mid-feather,  at  the  first 
examination,  to  be  so  eaten  away  by  corrosion,  that  the  merest  touch 
made  a  hole  through  the  plates,  and  several  had  to  be  renewed  before 
the  boiler  was  fit  for  work.  In  a  second  instance,  the  boiler — also 
recently  enrolled — proved  to  be  nearly  corroded  through  in  several 
places  in  consequence  of  leakage  from  joints  which  were  bolted  instead 
of  being  riveted.  In  a  third  instance,  a  two-flued  boiler,  7  ft.  in  dia- 
meter, was  found  to  be  so  corroded  that  the  plates  in  one  of  the  exter- 
nal flues  were  reduced  to  about  one-eighth  of  an  inch  in  thickness,  which 
is  a  most  serious  reduction  for  a  boiler  of  such  dimensions.  In  a  fourth 
case,  the  under  side  of  the  furnace  flue  of  a  Cornish  boiler  was  so  weak- 
ened by  internal  corrosion  that  the  inspector  made  a  hole  through  the 
plates  on  sounding  them  externally,  i.e.,  from  the  inside  of  the  flue. 
This  being  a  single-flued  boiler,  and  the  corrosion  having  taken  place 
at  the  bottom  of  the  furnace  tube,  the  injury  could  not  be  seen,  even 
on  an  internal  inspection,  and  therefore  was  liable  to  escape  detection ; 
this  is  not  the  case  with  a  "Lancashire"  boiler,  in  which  the  bottom 
as  well  as  the  top  surface  of  the  furnace  tubes  are  accessible  to  exami- 
nation. In  a  fifth  case,  a  boiler,  which  had  not  been  thoroughly  ex- 
amined for  upwards  of  two  years,  was  found  to  be  most  seriously  afi'ect- 
ed  internally  by  the  action  of  corrosive  water.  Many  of  the  rivet 
heads  were  half  eaten  off",  and  presented  a  spongy  appearance,  the 
plates  were  extensively  honey-combed,  some  of  the  indentations  being 
as  much  as  one-eighth  of  an  inch  deep,  and  others  on  the  furnace  crowns 
a  quarter  of  an  inch ;  while  the  longitudinal  stays  were  eaten  into  holes 
and  in  some  parts  reduced  to  half  their  original  strength,  as  well  as 
the  cotters  seriously  affected  ;  in  addition  to  which  one-half  of  each  of 
the  internal  flue  angle  irons  was  eaten  away,  some  of  them  being  brought 
up  almost  to  a  feather  edge.  It  is  scarcely  three  years  since  the  boiler 
■was  new;  while  continuance  of  such  service  without  attention  Avould 
soon  have  rendered  it  unfit  for  work  altogether.  In  cases  of  acidity 
in  the  feed  water,  simply  soda  is  found  most  effective,  and  had  been 
recommended  by  the  Association  in  the  present  instance,  the  corrosive 
action  being  suspected  from  the  appearance  of  the  water  in  the  glass 
gauge,  though  its  effect  on  the  boiler  remained  unknown  till  the  tho- 
rough examination  was  made.  In  a  sixth  case,  grooving  or  furrowing 
action  proved  to  have  worked  its  way  through  the  solid  plate  within 
the  thickness  of  a  sheet  of  paper. 

These  cases  which  are  not  peculiar,  and  were  all  met  with  during 
the  last  month's  inspections,  will  suffice  to  show  the  importance  of 
the  members  aflbrding  an  opportunity  for  each  of  their  boilers  to  be 
"  thoroughly  "  examined  at  least  once  every  year.  In  order,  however, 
that  these  examinations  should  be  satisfactory,  it  is  imperatively  ne- 
cessary that  the  flues  should  be  well  swept  and  the  plates  brushed. 
When  several  inches  of  soot  remain  in  the  flues,  and  the  plates  are 
at  the  same  time  coated,  it  is  impossible  for  the  inspector  either  to  do 
himself  or  the  examination  of  the  boiler  justice,  and  simple  as  the  pre- 
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paration  of  boilers  for  "thorou;*!!"  examinations  may  appear,  jet  it 
iias  80  important  an  inflin'nce  on  the  value  of  the  inspection,  and  at 
tlie  same  time  is  so  fre»jiiently  neglected,  that  the  attention  of  the 
nu'trihers  is  <»nce  more  calh'd  to  the  snhject. 

Advnntnjre  lias  hern  tnk<n  of  the  past  (^Miri.«tmas  week  to  make  as 
many  "  thoroii^jh  "  examijuitions  as  pf>ssibh\  and  it  may  he  .«tate«l  that 
it  is  important,  in  order  to  prevent  disappointment,  that  tho«e  memhera 
who  <lesirc  to  avail  lhems«  Ives  in  this  way  of  these  general  holiday 
times,  such  as  Easter  and  Whitweek,  &c.,  should  make  early  request 
for  inHpcftinn,  since  it  is  iinposnihle  at  a  few  hours  notice — as  is  too 
frei|Meritly  ex[)ecte<l — to  alter  arrangements  that  have  previou.-ly  been 
made  f(tr  tbivs. 

IJrplnstonti.  —  No.  18  Explosions  occurre<l  to  one  of  a  pair  of  ma- 
rine boilers,  not  under  the  charge  of  the  Association,  and  working  on 
l(oar<l  a  tug-boat.  They  were  not  multitubular  but  flued  boilers,  each 
having  two  furnaces  which  unilttl  in  a  single  return  flue  and  then  passed 
'  I]  to  the  uptake. 

The  explosion  was  caused  by  the  collapse  of  tho  outer  or  wing  fur- 
nace crown,  of  the  starboanl  boiler.  The  furnace  crowns,  thougii  not 
entirely  semicircular,  were  arched  elliptically,  being  made  of  plates 
of  seven-sixteenths  of  an  inch  in  thickness,  and  worked  at  a  blowing- 
ofT  pressure  of  *JS  tt>s.  The  crown  of  the  wing  furnace  came  down  till 
it  rested  on  the  bars  atid  rent  at  a  transverse  scam  of  rivets  itnme- 
(iialcly  over  the  fire,  the  adjoining  furnace  being  also  slightly  doprox^ed 
but  not  rent  ami  no  other  part  of  the  boiler  damaged.  The  fireman, 
who  was  the  only  one  below  deck   at  the  time,  was  scalded  to  death. 

This  boiler  was  not  personally  examined,  but  the  collapse  is  report- 
ed to  have  been  due  to  shortness  of  water,  aiid  there  does  not  appear 
on  consideration  of  all  the  circumstances,  to  be  any  reason  to  differ 
from  this  conclusion. 

No.  'JG  Explosion. — The  boiler  in  question,  which  was  not  under 
the  inspection  of  this  Association,  was  of  plain  cylindrical  egg-ended 
construction,  and  externally  fired. 

Its  length  was  .'JO  ft.,  its  diameter  fi  ft.,  and  thickness  of  ;'  '  •,. 
one-half  of  an  inch.      The  longitudinal  scJims  of  rivets  were  ..  i 

80  as  to  break  joint,  the  boiler  being  well  mad*'  throughout  and  new 
about  nine  months  previous  to  the  explosion,  while  none  of  the  plate* 
appeared  to  be  weakened  bv  corrosion  neither  was  there  any  evidence 
of  leakage  at  the  seams.  The  boiler  w:is  liberally  stipplied  with  the 
fittings  usually  to  its  class,  having  diiplicate  fli-t'-  wltl,  nliirm  w!(i«'I*»^ 
duplicate  lever  weightdl  safety  valves,  perft 
pressure-valve,  kc,  while  the  b!nwing-off  p 
was  by  no  means  excessive  for  such  a  boiler. 

On  examination  of  the  fragments  of  the  shell,  u  w.i^  i.  Mi.  .  i-  :a».j 
separated  into  four  distinct  pieces,  both  of  the  dome  ends  with  one  or 
two  riii;:s  of  plate,  ha\  i  aw:iy   at    th-  "    '  • 

llie  niuainder  of  the  (_  .1  portion  «)f  t 

dinally,  and  also  separated  into  two  pieces. 

Vol.  XIA'III.— TataoSBRiBS.— No.  2.— AcaLur,  i  ^  *.  9 


98  Mechanics,  Physics,  and  Chemistry. 

The  flight  of  the  dome  ends,  which  had  taken  place  in  opposite  di- 
rections, had  been  productive  of  considerable  injury;  the  one  at  the 
firing  end  flying  out  of  the  works,  crossing  an  adjoining  street  and  fall- 
ing against  a  dwelling-house  on  ihe  opposite  side,  and  thereby  very 
seriously  injuring  one  of  its  inmates,  but  fortunately  not  fatally  so; 
while  the  other  dome  end  of  the  boiler,  skated  as  it  were  along  the 
ground,  sweeping  down  a  great  deal  of  building  in  its  course,  so  that 
a  considerable  portion  of  the  works  was  reduced  to  a  heap  of  ruins, 
and  the  debris  scattered  in  every  direction. 

In  stating  the  cause  of  the  explosion,  it  should  be  pointed  out,  that 
the  boiler  though  externally  fired  was  set  upon  a  mid-feather,  up  one 
side  of  which  the  flames  passed  and  then  returned  on  the  other ;  while 
the  flues  were  carried  up  to  a  level  with  the  centre  of  the  boiler,  to 
which  height,  therefore,  the  flames  could  act  upon  it.  The  flame  pass- 
ed on  the  right  hand  side  of  the  mid-feather  in  the  first  instance,  and 
it  was  just  at  the  top  of  this  flue  and  a  little  beyond  the  bridge,  where 
the  flame  would  be  in  full  force,  that  the  primary  rent,  which  was  a 
longitudinal  one,  appeared  to  have  occurred  in  the  shell  of  the  boiler. 
This  naturally  awoke  the  suspicion  that  the  water  level  had  been  al- 
lowed to  fall  below  the  top  of  the  flue,  and  this  view  was  strength- 
ened by  an  examination  of  the  plates,  which  both  from  their  color,  as 
well  as  from  the  character  of  the  rupture,  appeared  to  have  been  over- 
heated ;  while  in  addition,  there  were  water  lines  plainly  marked  on 
the  inside  of  the  boiler  considerably  below  the  top  of  the  flues,  so  that 
it  appeared  highly  probable  that  the  water  had  not  been  allowed  to 
run  short  for  the  first  time  on  the  day  of  explosion.  The  boiler  attend- 
ant acknowledged  that  he  had  not  tested  the  floats  to  see  if  they 
were  free,  for  about  four  hours  previous  to  the  explosion,  so  that  there 
seems  no  room  to  doubt,  that  it  was  due  to  shortness  of  water;  which, 
however,  it  may  be  added,  is  the  only  instance  of  the  kind  that  has  been 
met  with  during  the  past  year,  in  those  explosions  personally  investi- 
gated by  this  Association. 

No.  27  Explosion  was  the  result  of  the  old  age  and  neglected  con- 
dition of  the  boiler  in  question,  which  was  not  under  the  charge  of  this 
Association,  while  fortunately  no  one  was  killed  by  the  explosion,  and 
only  one  person  injured. 

The  boiler  was  but  small  and  of  plain  cylindrical  egg-ended  construc- 
tion externally  fired,  being  only  12  feet  long  and  four  feet  in  diameter ; 
the  plates  varying  in  thickness,  some  being  seven-sixteenths  and  others 
three-eighths  of  an  inch.  The  pressure  was  stated  to  have  been  25  ibs. 
per  square  inch,  but  there  had  been  no  steam  pressure-gauge,  and  the 
fittings  were  altogether  of  a  meagre  description.  The  boiler  was  plated 
so  that  the  longitudinal  seams  did  not  break  joint,  but  were  in  line 
or  nearly  so,  some  of  them  falling  immediately  over  the  fire,  and  it 
was  at  one  of  these  which  had  been  clumsily  patched,  that  the  boiler 
ruptured,  the  rent  extending  from  one  end  to  the  other,  and  the  shell 
completely  opening  out. 

Its  flight  was  somewhat  remarkable;  it  took  down  the  chimney  in 
its  course,  flew  over  a  row  of  dwelling-houses,  as  well  as  a  public  road 
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and  a  canal,  landin^r  finnlly  in  the  bed  of  a  river,  immediately  under 
one  of  the  arches  of  a  railway  bridge  which  ran  acro.ss  it. 

As  to  the  cause  of  the  rupture,  the  boiler  was  at  least  25  years  old 
had  been  working  unroofed,  and  thus  exposed  to  the  action  of  the  wea- 
ther, and  was  found  ujion  examination  to  be  seriouhly  corroded  both 
ijiside  and  outside,  havin;:  brcn  patched  in  several  place:?  in  conse<|uence. 
This  corrosion  had  eaten  ofi'  the  heads  of  many  of  the  rivets,  and  se- 
riously reduce<l  the  thickness  of  the  plates,  especially  at  the  lonj:itu- 
dinal  seam  over  the  fire  at  which  the  rupture  had  taken  place  ;  so  that 
this  explosion  is  sim|)ly  due  to  the  dilapidated  condition  in  which  the 
boiler  had  been  allowcfl  to  fall  throu;rh  old  age  an<l  neglect. 

No.  34  P'xplosii)n. — The  boiler  in  questifin  was  not  under  the  in^^pec- 
tion  of  this  Association,  It  was  internally  fired  and  of  single  llu-*  or 
Cornish  construction,  its  length  being  23  feet,  the  diameter  of  the  shell 
G  feet  0  inches,  that  of  the  furnace  3  feet  for  a  length  of  7  feet,  and 
in  the  flue  2  feet  G  inches,  while  the  thickness  of  the  plates  was  five- 
eixteiiths  of  an  inch,  and  the  pressure  at  which  the  slean»  blew  c»fi"40  lt»s. 

The  furnace  Hue,  though  reported  to  have  been  amply  coverc*!  with 
"Water  at  the  time,  collapsed  immediately  over  the  fire  at  about  2  feet 
6  inches  from  the  front,  which  admits  of  no  surprise  considering  the 
diameter  of  the  flue,  the  lightness  of  the  plates  and  the  pressure  of 
the  steam,  so  that  this  explosion  can  only  be  regarded  as  one  of  those 
already  so  numerotis,  which  might  have  been  prevented  by  simply 
Btrengthening  the  furnace  Hue  with  any  one  of  the  inexpensive  nuans 
frcfjuently  called  attention  to  in  these  reports,  viz  :  flanged  seams  or 
hoops,  whether  of  x-'fon,  angle  or  other  suitable  section,  as  well  as  by 
the  adoption  of  other  approved  methods. 

The  boiler  was  not  moved  from  its  seat  by  the  explosion,  and  the 
glass  water-gaiige  and  steam  pressure-gauge  remained  uninjured,  but 
owing  to  the  scalding  efl'ects  of  the  steam  and  hot  water  which  escaped 
from  the  rent,  as  well  as  to  the  flight  of  the  furnace  mountifigs  and 
other  fragments  which  were  shot  away,  three  persons  were  killed  antl 
two  others  seriously  injured. 

No.  40  Explosion. — This  is  the  second  instance  which  lias  occurred 
within  the  last  few  nionths,  of  a  new  boiler  exploding  at  the  makers 
yard  while  being  tested  with  steam,  and  wliich  might  have  been  pre- 
vented by  the  simple  use  of  the  hydraulic  test.  Two  men  were  kille<l 
and  seven  others  injured  by  the  explosion  of  this  boiler,  which  was 
not  under  the  inspection  of  this  Association. 

The  boiler  which  was  intended  for  a  tug-boat  was  of  the  flued  clnss, 
internally  lired,  having  two  furnaces,  and  being  very  similar  to  that 
described  under  explosion  No.  18,  while  it  had  a  large  sleam  dome 
on  the  top  through  which  the  flue  passed  on  its  way  to  the  chimney. 

The  shell  rent  along  the  top  longitudinally,  and  was  completely 
opened  out  ami  laid  flat  upon  the  ground,  in  which  positinn  it.  as  well 
lis  the  flues  which  were  uninjured,  remained  unmoved,  while  the  steam 
dtMne  was  torn  completely  away  and  shot  upwards,  being  blown  over 
some  high  buildings  into  an  atljoining  yar«l. 

The  fact  of  the  steam  dome  being  torn  ofl^,  and  the  rent  starting 
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from  it  on  the  top  of  the  shell,  as  it  appears  to  have  done,  clearly  shows 
the  dangerously  weakening  effect  that  these  large  openings  have  upon 
boilers,  so  that  there  can  be  no  doubt  that  this  boiler  was  of  defective 
construction,  and  that  this  fact  might  have  been  detected  in  time,  the 
explosion  prevented,  and  the  lives  saved,  had  the  hydraulic  test  been 
adopted. 

No.  41  Explosion,  which  resulted  in  the  death  of  both  of  the  engin- 
eer and  fireman,  occurred  to  a  boiler  not  under  the  charge  of  this  As- 
sociation, and  at  too  great  a  distance  from  Manchester  to  be  personally 
investigated,  while  considerable  difficulty  has  been  experienced  in 
gaining  authentic  information  w'ith  regard  to  it. 

It  appears  that  the  boiler  was  one  of  two  of  Cornish  construction 
connected  together  and  working  side  by  side,  and  that  the  internal 
furnace  flue  collapsed  from  end  to  end,  rending  across  three  of  the  trans- 
verse seams  of  rivets. 

The  collapse  was  attributed  to  the  boiler  having  been  allowed  to  run 
short  of  water,  the  jury  giving  it  as  their  opinion  that  "  The  deceased 
men  died  from  scalds  caused  by  the  bursting  of  a  tube  in  the  boiler, 
arising  from  want  of  water." 

The  explosion  occurred  at  about  six  o'clock  in  the  morning,  the 
boiler  being  worked  night  and  day,  and  it  appears  that  the  night  fire- 
man had  been  drinking  and  thus  neglected  his  duty. 

No.  42  Explosion  resulted  in  the  death  of  four  persons  as  well  as 
injury  to  three  others.  The  cause  of  the  explosion  of  this  boiler,  which 
was  not  under  the  care  of  this  Association,  has  been  made  the  subject 
of  an  official  scientific  investigation,  and  as  soon  as  a  copy  of  the  re- 
port is  received,  which  is  promised  shortly,  the  particulars  will  be  com- 
municated to  the  members. 

It  may  however  be  stated  in  the  meantime,  that  the  explosion  has 
been  generally  attributed  to  shortness  of  water,  but  it  appears  from 
information  kindly  afforded  by  an  engineer,  who  made  an  examination 
shortly  after  the  explosion,  that  the  furnace  flue  of  the  boiler — which 
was  a  Cornish  one — was  seriously  out  of  shape  and  unfit  for  work ;  so 
that  the  explosion  seems  to  have  resulted  simply  from  weakness  of  the 
flue  and  not  from  want  of  water. 

No.  43  Explosion,  from  wdiich  one  person  was  killed  and  four  others 
injured,  was  in  many  respects  very  similar  to  No.  41,  being  due  to 
collapse,  which  extended  throughout  the  entire  length  of  the  furnace 
tube  of  an  internally-fired  single- flued  Cornish  boiler,  which  was  not 
under  the  charge  of  this  Association,  while  the  distance  at  which  the 
explosion  occurred  precluded  a  personal  investigation.  It  appears, 
however,  from  a  report  obtained  that  the  length  of  the  boiler  was  20 
feet  6  inches,  its  diameter  5  feet  6  inches  in  the  shell,  and  3  feet  1 
inch  in  the  furnace  flue,  which  was  made  of  plates  three-eighths  of  an 
inch  in  thickness.  Only  one  of  the  two  safety-valves  with  which  the 
boiler  was  fitted  was  in  working  order,  while  the  ordinary  pressure  of 
the  steam  was  stated  to  have  been  49ibs.  on  the  square  inch,  but  what 
it  may  have  been  at  the  time  of  the  explosion  was  not  actually  known. 

A  furnace  flue  of  such  dimensions  as  the  above  might  when  new,  if 
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of  good  matcrialg  and  well  put  together,  as  well  as  of  trae  circular 
bliJipc,  work  for  a  time  at  a  pressure  of  4U  Ib^.  per  square  inch,  but — 
taking  into  account  imperfections  in  workmanship  in  tiie  first  instance, 
the  effect  of  several  years,  wear  and  tear,  and  the  frequent  excess  of 
the  actual  over  the  hupposed  pressure  of  steara,  which  is  fr^  •  *'■" 
found  to  exirit  through  errors  in  safety-valves  arnl  steam  pressu; 
— it  CLTtaiiily  is  not  prudent  to  work  within  so  narrow  a  marg.n  of 
dangtr,  especially  when  safety  could  be  insured  siuiply  by  iiooping 
the  ilues;  and  although  tjie  collapse  was  again  in  this  instance  attri- 
buted to  shortness  of  water,  it  is  thought  to  be  rather  to  the  neglect 
of  the  above  precaution,  that  the  explosion  is  really  due. 

During  the  past  month  three  explosions  have  occurred,  from  which 
five  persons  have  been  killed  and  four  others  injured;  n<»t  one  of  tho 
boilers  was  under  the  inspection  of  this  Association.  One  of  these 
has  been  personally  examined  subsecjuently  to  its  explosion,  while  dis- 
tance prevented  this  being  done  in  the  other  cases.  The  following  is 
the  monthly  tabular  statement: — 

Tabular  Statetnent  nf  Epxl'iaionn,  Jrnm  Xnvrvtber  21,  1868,  to  DecemberZX,  1868, 

Incluttivt. 


I'rojjreMivn 
Nu.  fur  IbOii. 

1 
Date.       General  Di'ocription  of  Boiler. 

1 

Pcr»on»    I'erfioo* 
kiiivd.     injurvd. 

1 

Total.' 

1 

44 

43 
46 

Nov.     .  Dniiblo  furnace  "brcechca"  boiler 

IiitiTiiiilly  llred,    . 
Nov.  23.  C\vlinilrirul  (-jrcrnded, 

Kxt'Tniilly  tipMl, 
Nov.  27.  Onlinnry  niiiirlo  flue  or  «*Corni*h" 

Inloranlly  lirt-d,    . 

0  I        0 

( 

1  4 

1 
4       1         0 

i 

0   1 

6    I 

T..t:.: 

.   1    . 

9 

No  44  Explosion  occurred  to  a  boiler  not  ancTcr  the  inspection  of 

this  Association,  and  at  too  great  a  distance  from  Manchester  to  admit 
of  a  personal  investigation  being  made,  but  the  following  particulars 
have  been  kin«lly  furni.shed  by  un  engineer  who  examined  tho  boiler 
shortly  after  the  explo.sion  took  place. 

It  was  a  breeches  boiler,  internally  fired,  having  two  furnaces  run- 
ning into  oito  Hue.  Its  length  was  1.')  feet  and  diameter  G  feet,  while 
the  ordinary  working  pressure  was  GO  lbs. 

The  boiler  rent  along  the  bottoiu  longitudinally  from  one  end  to  thn 
otiier.  Just  as  if  it  had   been   set   upon   a  mid-feather,  and   ti 
thereby  corroded  away;  but  it  proved  on  inquiry  lo  have  bee!; 
niontii.H  old,  and  set  upon  two  side  walls,  so  that  a  longitudinal  rent 
under  these  circumstances  is  peculiar.     The  cause  of  tho  rupture  ap- 
pears to  have  been   as  follows: — .V  heavy  cake  of  deposit,   chietly  of 
salt,  and   several  inches   thick,   had  through  neglect    '                        1  to 
form  inside  the  boiler  along  the  bt»ttom.     This,  under                            rn- 
iitanoes,  would  have  not  beenatteUiled  with  any  ilangi  i 
in  ail  inlerually-fired  boiler,  since  the  temperature  n\  i  ..  >„„.. ^ 

9  • 
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is  not  usually  sufficiently  higli ;  but  in  this  case  the  conditions  were 
peculiar;  the  boiler  as  will  be  seen  by  the  dimensions  given  above, 
was  an  unusually  short  one,  at  the  same  time  that  the  draft  was  good, 
and  the  furnaces  heavily  fired.  Since,  therefore,  the  course  of  the  tiarae 
passed  under  the  bottom  of  the  boiler  immediately  after  leaving  the 
internal  flue,  it  is  not  difficult  to  understand  how  the  plates  at  the  bot- 
tom of  the  shell,  which  were  heavily  coated  internally  with  sediment, 
became  overheated  and  then  rent.  Surface  blowing  out  would,  in  all 
probability,  have  prevented  this  explosion. 

It  will  be  seen  tiiat  the  circumstances  of  this  boiler  were  such  that 
it  was  virtually  fired  internally  and  externally  at  the  same  time,  and 
it  therefore  affords  an  apt  opportunity  for  comparing  the  safety  of  the 
two  systems  of  firing,  and  it  will  be  noted  that  the  explosion  was  not 
due  to  that  portion  of  the  boiler  which  was  fired  internally,  but  to  that 
which  was  fired  externally. 

It  was  not  only  fortunate  for  the  two  men  standing  in  the  stoke  hole 
at  the  time  of  the  explosion,  but  it  is  also  an  interesting  engineering 
fact,  that  sufficient  warning  was  given  them  to  make  their  escape,  one 
of  them  hearing  the  rush  of  the  water  directly  the  rent  commenced, 
and  giving  the  alarm,  while  tlie  boiler  lifted  from  its  seat  and  flew 
through  the  roof  an  instant  after.  This  fact  is  an  important  one,  since 
it  shows,  that  in  this  instance,  at  all  events,  no  explosion  like  that  of 
gunpowder  took  place,  though  such  is  generally  supposed  to  be  the 
case,  but  that  the  result  was  due  simply  to  the  pressure  of  the  steam 
acting  according  to  its  ordinary  laws,  and  to  the  quite  rending  of  the 
plate. 

No.  45  Explosion. — This  boiler  was  not  under  the  inspection  of  this 
Association,  neither  was  it  personally  examined  after  its  explosion, 
which,  however,  is  reported  to  have  been  the  result  of  almost  unpa- 
ralleled recklessness. 

The  boiler  was  a  stationary  one  of  plain  cylindrical  egg-ended  con- 
struction, and  externally  fired,  being  16  feet  long,  3  feet  0  inches  in 
diameter,  and  made  of  plates  three-eighths  of  an  inch  in  thickness.  It 
was  employed  for  agricultural  purposes,  and  under  the  charge  of  a  fire- 
man as  well  as  of  a  superentending  foreman  or  farm  bailiff".  The  engine 
which  it  drove  had  lately  undergone  repair,  and  steam  was  being  got 
up  for  a  fresh  start,  when  the  foreman,  in  spite  of  remonstrance,  per- 
sisted in  keeping  the  safety-valve  down  by  sitting  on  the  lever,  the 
carpenter  being  engaged  in  the  meantime,  by  the  foreman's  orders,  in 
cutting  a  wooden  prop  to  jam  the  valve  down.  Before,  however,  the 
prop  could  be  obtained,  the  boiler  exploded,  instantly  killing  the  fore- 
man and  severely  injuring  the  engine-man  and  the  other  persons  pre- 
sent. 

The  boiler  was  completely  severed  into  two  parts,  one  portion  being 
blown  to  a  considerable  height,  and  thrown  to  a  distance  of  150  feet, 
the  rent  passing  through  the  manhole  and  the  greater  part  of  the  second 
transverse  seam  of  rivets  from  the  front  end,  which  was  situated  im- 
mediately over  the  fire.  The  position  of  the  safety-valve  on  the  boiler 
•was  such,  that  the  man  whilst  sitting  upon  the  lever  was  immediately 
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over  the  manhole,  and  both  he  and  the  cover,  were  blown  by  the  ex- 
plosion in  the  same  direction,  and  picked  up  at  a  considerable  diiitance 
from  the  original  seat  of  the  boiler. 

With  rej.'ard  to  the  cau«e  of  the  explosion,  there  i3  no  ground  for 
concluding  that  the  steam,  although  the  valve  was  hold  down,  had 
titiu-  to  attain  to  the  bur.'-tiiig  pressure  of  a  boiler  of  such  dimensions 
as  this  one  was,  supposing  it  t(»  have  been  in  good  condition,  and  there 
si'cms,  therefore,  reason  to  think  that  the  boiler  ha<l  been  somewhat 
weakened  by  the  twelve  years  service  it  had  seen,  although  there  can 
nc  no  (|uestion  that  the  immediate  occasion  of  the  explosion  w<4S  exces- 
-ivc  pressure  caused  by  recklessness  such  as  these  reports  have  not 
previously  had  to  record. 

2so.  40  Explosion,  which  resulted  in  the  loss  of  four  lives,  occurred 
to  the  right  hand  boiler  of  a  series  of  three  working  side  by  side  an<l 
connected  together.  These  boilers  were  not  under  the  inspection  of  this 
Association. 

Tlie  one  which  exploiled,  as  well  as  that  next  to  it,  was  of  Cornish 
construction,  being  intornally  lired,  and  having  a  single  flue  running 
through  it,  which  diminished  in  diameter  behind  the  Hre-bridge.  The 
length  of  the  boiler  was  20  feet  S  inches,  the  diameter  of  the  shell,  ^>  ft. 
i]  ins.  that  of  the  furnace  tube  6  feet  for  a  length  of  8  feet,  and  of  the 
Hue,  '2  feet  U  inciies,  while  the  tliickness  of  the  plates  throughout  was 
scarcely  thrce-eightlis  of  an  inch,  being  especially  bare  in  the  furnace. 

The  boiler  had  been  filled  with  a  feed  back  pressure-valve,  a  brass 
blow-out  tap,  and  a  glass  water-gauge,  as  well  as  with  an  ordinary  lever 
safety-valve  antl  a  steam  pressure  gauge  common  to  boilers  No.  2  and 
No.  ;{.  The  pressure  at  which  the  siifety-valve  was  stated  to  have 
blown  off  was  40  lbs,  by  the  gauge,  bul  on  calculation  it  appeared  that 
this  should  be  taken  as  minimuin,  and  that  with  tiie  steam  blowing- 
otl  freely  the  pressure  would  no  doubl  rise  as  high  as  4o  pounds,  if  not 
60  jjounds. 

On  examining  the  boiler,  the  furnace  tube  was  found  to  have  col- 
lapsed immediately  over  the  tire,  and  rent  at  one  of  the  trarisverse 
seams  as  well  as  at  its  attachment  to  the  front  end  plate.  The  colla[)SC 
had  not  extended  into  the  Hue  behiml  the  tire-bridge,  or  atTected  the 
conical  junction  piece  between  the  tlue  and  the  furnace  tube. 

As  to  the  cause  of  the  collapse  there  cannot  be  a  doubt.  No  flue 
5  feet  in  diameter,  made  of  plates  barely  three-eighths  of  an  inch  in 
thickness,  can  be  safely  subjected  to  a  pressure  of  40  lbs.  or  60  lb?, 
on  the  square  inch,  as  this  one  was  ;  and  hettee  the  explosion.  The 
boiler  was  an  old  one,  an«l  though  not  uialerially  weakened  by  corro- 
sion, had  evidently  been  made  at  a  time  when  the  use  of  high  pressure 
steam  was  very  little  understood.  The  cylindrical  portion  of  the  shell 
Was  stayed  transversely  with  horizontal  bolts  both  above  and  below 
the  furnace  tube,  as  well  as  with  others  running  vertically  on  each 
side  of  it,  while  the  flat  ends  were  slitlened  with  tliagonal  stay  t  -. 
No  attempt,  however,  was  made  to  strengthen  the  large  furnace  t.  •., 
though  the  weakest  part  of  the  whole  boiler,  while  the  diagonal  rods 
introduced,  arc  very  inferior  to  the  gu?set  stays  now  ia  tise,  and  the 
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horizontal  and  vertical  ones  afford  but  little  or  no  support  to  the  cylin- 
drical portion  of  the  shell. 

The  personal  injuries  due  to  the  explosion  arose  from  scalding,  while 
the  effects  on  the  surrounding  property  were  but  trifling,  which  is  fre- 
quently found  to  be  the  case  wiien  explosion  results  from  collapse  of 
the  flue  of  an  internally  fired  boiler.  In  this  instance  the  boiler  was 
not  stirred  from  its  original  position,  nor  the  joints  of  the  steam  pipes 
broken,  and  in  order  to  be  in  a  position  to  work  on  with  the  other 
boilers,  it  was  only  necessary  to  screw  down  the  junction  valve.  The 
principal  injury  to  the  surrounding  property  resulted  from  the  flight 
of  the  furnace  mountings,  which  in  this  case  were  unnecessarily  heavy, 
and  included  a  facing  of  brick-work,  which  is  always  objectionable  in  such 
a  position.  It  will  thus  be  seen  that  in  the  case  of  collapse,  the  weight 
of  the  furnace  mouth-piece  becomes  a  source  of  danger,  and  the  fact 
of  damage  frequently  arising  from  this  cause,  and  in  some  cases  loss  of 
life,  is  an  argument  for  the  adoption  of  light  wrought  iron  furnace 
mountings,  which  are  far  superior  as  a  mechanical  arrangement. 

The  insuflficiency  of  this  boiler  for  the  pressure  at  which  it  was  worked 
could  not  have  escaped  detection  either  on  competent  inspection,  or 
the  application  of  the  hydraulic  test. 

There  can  be  little  question  that  many  explosions  occur  in  different 
parts  of  the  country  of  which  no  report  is  obtained  by  this  Association, 
but  it  will  be  seen  from  the  tabular  statement  above  that  46  came  un- 
der its  notice  during  the  year  1863.  The  number  of  boilers  which  ex- 
ploded, however,  amounts  to  50,  since  an  entire  series  of  5  working  side 
by  side  was  included  in  one  explosion ;  while  during  the  year  there 
■were  76  persons  killed,  and  77  others  injured. 

It  is  thought  that  a  tabulated  statement  of  these  explosion,  giving 
briefly  the  cause  of  each,  with  a  general  description  of  the  boiler  in 
every  case,  would  be  of  interest,  and  therefore  it  is  proposed  to  give 
this  in  the  Annual  Report  for  the  year  1863,  which  will  be  presented 
to  the  subscribers  at  the  ninth  annual  meeting  now  shortly  to  be  held; 
and  it  need  merely  be  added,  therefore,  in  the  meantime,  that  a  review 
of  the  explosions  which  have  occurred  during  1863,  clearly  shows  the 
value  of  periodical  boiler  inspection,  and  supports  the  principle  advo- 
cated in  the  previous  reports,  viz : — that  the  ruling  cause  of  boiler  ex- 
plosions is  neglect,  and  their  preventive,  simply,  care. 


Thickness  of  the  Earth's  Crust. — Extract  from  a  Lecture 
by  W  Fairbairn,  Esq. 

From  the  Lond  m  Mechanics"  ;\laf;azim.-,  M;iy,  isr>4. 

It  has  always  been  a  question  of  interest  to  geologists  to  ascertain 
the  thickness  of  the  earth's  crust,  or  at  what  depth  under  the  surface  it 
becomes  fluid.  To  determine,  or  rather  to  approximate,  the  solution 
of  this  question,  my  friend,  Mr.  Hopkiris,  of  Cambridge,  Dr.  Joule, 
and  myself,  were  requested  by  the  British  Association,  to  institute  a 
series  of  experiments  on  pressure  and  the  conductivity  of  the  different 
strata  with  AYhich  we  are  acquainted.     This  very  interesting  inquiry 
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has  extended  over  a  series  of  seven  to  eight  years,  and  the  results  ob- 
tained arc  ()f  tliat  iiaturo  which, 
I  trust,  will  justify  uie  in  bring- 
ing the  suljject  before  you.  The 
whole  of  tlie  expcriment.H  have 
l)een  carried  on  at  my  works  in 
Manchester,  having,  at  the  time, 
a  powerful  aji|)aratu.s,  as  bhown 
in  the  engraving. 

A  isastrongcylinder  of  brass, 
with  a  brancli  coininunicating 
with  tlie  cylinder  ii,  into  which 
works  a  steel  plunger  r,  which 
fits  into  the  socket  in  the  bar  d. 
( )n  the  top  of  this  bar  the  power- 
ful lever  E  is  applied,  which, 
pressing  on  the  li(juid  in  the 
cylinder  H,  forces  it  through  tlio 
bore  of  the  pif)e  a  (on  the 
])riuciplc  of  the  JJraniah),  and  by  which  n.  :.  .j  .._.  ...  iii  of  pre:^>ine 
may  be  attained.  On  the  top  of  the  cap  of  the  cylinder  A,  which  is 
made  air  and  water-tight  ami  inserted  in  the  bath  F,  a  mariner's  com- 
pass 0,  is  placed,  the  use  (»f  which  we  shall  presently  describe. 

Having  adjusted  the  apparatus,  and  filled  the  cylinder  a  with  the 
material  to  be  experimented  upon,  a  charcoal  fire  is  lighted  under  tho 
bath,  and  before  applying  the  lever  the  point  of  the  tlui<lity  is  ascer- 
tained. This  was  accomjdished  with  great  difliculty  in  the  first  in- 
stance, as  we  had  no  means  of  ascertaining,  with  anything  like  accu- 
racy, the  melting  point,  until  Professor  W.  Thompson,  of  Glasgow,  who 
luippciied  to  be  |)resent  at  otje  of  the  experiments,  suggested  the  com- 
pass, which  answered  the  purj)ose  admirably.  This  ingenious  appli- 
cation was  cft'ected  by  inserting  a  magnetic  needle  in  the  soliil  mass  to 
be  experimented  upt»n,  and,  having  brought  the  needle  of  the  compass 
within  its  inlluence,  it  pointed  directly  over  the  centre  of  the  cylinder, 
and  was  retained  in  that  position  so  long  as  the  material  was  in  the  solid 
state;  but  the  instant  the  melting  point  was  arrived  at,  by  increasing 
the  temperature  of  the  bath,  the  needle,  no  longer  supported  by  a  solid 
substance,  ilropped  through  ti»e  fluid  to  the  bottom  of  the  cylinder, 
and,  the  instant  that  was  acci»mplished,  the  needle  of  the  compass 
turned  round  to  the  pole.  From  this  arrangeinent  it  will  be  seen  that 
the  tem[)erature  of  fluidity  was  carefully  and  accurately  determined. 


LcUaucs  Water  Gauge. — Patented  by  Desire  Fuax^ois  Leblaxc. 

From  tbr  U>ni]oii  Mechanira'  Mac»sln«,  Srptrmbrr.  1SC3. 

We  feel  much  pleasure  in  laying  before  our  readers  particulars  of  a 
glass  water-gauge  which  is  extensively  use«l  in  France,  ancl  deserves 
generil  introduction  here.  It  is  not  only  stronger  an  I  safer  perhaps 
than  any  other  gauge  which  shows  the  water  level  through  a  trans- 
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parent  meflium,  but  it  possesses  the  great  advantage  of  always  denoting 
the  presence  or  absence  of  water  from  the  glass  tube.  Tlie  ordinary 
gauge  may  be  quite  full  yet  appear  empty,  or  quite  empty  and  appear 
full.  It  is  impossible  that  sucii  a  result  can  take  place  Avith  Leblanc's 
gauge,  for  reasons  which  the  specification  will  best  explain : — - 

Let  us  consider  a  rather  thick-sided  glass  tube  half-filled  with  water 
•we  shall  readily  note  the  wide  difference  in  refraction  which  exists  be- 
tween the  full  portion  of  it  and  the  empty  part  thereof ;  and  now  let 
there  be  a  screen  provided  with  a  circular  hole  of  about  two-thirds  of 
the  outside  diameter  of  this  tube  placed  behind  that  portion  of  it  which 
is  full  of  water,  and  this  circular  hole  will  appear  in  the  form  of  an 
ellipse,  having  its  great  or  transverse  axis  perpendicular  to  the  axis 
of  the  tube,  whilst  on  the  same  screen  being  removed  behind  the  empty 
portion  of  the  tube  the  ellipse  assumes  a  rather  lenghtened  form,  hav- 
ing then  its  great  or  transverse  axis  parallel  to  that  of  the  tube. 

It  follows  from  this,  first,  that  such  a  screen  may  be  used  to  inform 
us — when  no  solution  of  continuity  appears  in  the  tube — whether  this 

is  quite  empty  or  quite  full. 
And  secondly,  that  however 
FIG  I,  {1,1  li'lllilliliilil       darkened  its  sides  may  be,  un- 

less they  are  altogether  opaque, 
it  will  always  be  possible  for  any 
one  to  ascertain  ■with  its  aid  the 
flC2.  II  ilillHilii  presence  or  the  absence  of  the 
liquid  inside. 

A  metallic  tube  pierced  from 
end  to  end  with  circular  holes 
opposite  to  each  other  on  two 
or  three  alternate  diameters  and 
encasing  the  glass  tube,  may 
therefore  become  at  once  both  a 
protection  against  breakages 
and  their  effects,  and  a  means 
of  more  distinctly  showing  the 
height  of  the  liquid  inside. 

Such  is  the  nature  and  object 
of  the  said  invention  for  "  A 
Dioptical  Metallic,  Level  Indi- 
cator or  Liquid  Gauge,"  but  es- 
sentially consisting  in  the  appli- 
cation of  the  combined  dioptical 
properties  of  glass  and  water  to 
the  construction  of  a  liquid 
gauge  that  should  possess  such 
requisites  to  clearness  of  indi- 
cation and  security  of  service 
as  have  never  been  as  yet  attained,  it  is  susceptible  of  any  form;  for  ex- 
ample, a  glass  tube  consisting  of  several  short  ones  may  be  advanta- 
geously substituted  for  that  of  one  piece,  and  lenses  for  either  of  them. 
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Again,  a  casing  maJc  of  any  flexible  matter,  as  vulcanizeJ  or  hard- 
ened indi.i  rubber,  or  simply  sheets  of  paper  or  cloth,  impregnated 
with  siccative  greasy  substances,  rolled  several  times  and  stuck  on  iho 
glass  tube,  may  also  be  used  instead  of  the  metallic  ca>ing. 

IJeing  given  :i  (juadrangular  opa<|ue  tube,  the  sides  of  \>liich  arc 
pierced  with  two  circular  holes  opposite  to  each  other  ;  if  you  fix  in 
each  of  them  a  plano-concave  lens,  whose  concavity  faces  the  axis  of 
the  tuljc,  and  whose  focus  lies  a  little  behind  the  opposite  side  ;  the 
liolc  that  faces  the  lens  which  is  looked  at  will  appear  greatly  reducetl 
in  diameter,  the  tube  being  empty  ;  whilst  on  the  same  being  filled  with 
water,  the  index  of  refraction  of  this  being  pretty  nearly  the  same  aa 
that  of  glass,  the  concavity  of  the  lens  is  found  to  bo  almost  annulled 
by  the  convexity  of  the  water,  ami  the  opposite  hole  re-appears  with 
its  nearly  full  diameter.  The  crown  glass  gives  the  maximum  of  difl"e- 
rential  effect. 

Figs.  1  and  2  of  the  foregoing  drawings  represent  a  glass  tube 
enveloped  in  a  metallic  casing  pierced  with  circular  holes  opposite  to 
each  other.  The  metallic  casing  may  be  simply  a  non-adhesive  case 
surrounding  the  glass  tube,  but  it  is  better  to  have  it  fixed  thereon,  by 
means  of  a  mastic  or  cement,  such  as  that  of  ceruse  and  minium,  oxy- 
chloride  of  zinc,  and  such  like. 

A  is  the  glass  tube;  It,  the  metallic  casing  ;  c,  the  mastic;  </,  the  hole.^ 
of  the  casing  ;  e,  the  outline  and  direction  of  the  ellipse,  as  seen  in  the 
empty  part  of  the  tube ;  e',  the  same  as  seen  in  the  part  occupied  by 
the  liquid. 

Indicators  of  unlimited  length 
and  best  fitted  to  resist  e^fpan- 
sion  will  be  obtained  by   using 
short  glass  tubes  joined  end  to 
end.     For    this    purpose   it   is 
necessary  that  each  joint  should 
correspond  with  the  mid<lle  of  a  : 
space  without  h»d»'S,  so  long  as  1 
the  scaling  should  prevent  leak-  I, 
age. 

The  mastic  of  ceruse  and 
minium,  by  reason  of  its  solidi- 
fying slowly  in  a  cold  place, 
:ippears  to  be  the  most  suitable 
one  to  employ.  The  complete 
solidification  is  obtained  by  its 
being  exposed  for  two  or  three 
hours  to  a  temperature  t>f  from 
lino  de^s.  to  *J.'jO  decs,  centi- 
grade.  All  mastics  that  solidify 
slowly  in  a  cold  place  an«l  quickly  in  a  hot  one  may  likewise  be  ad- 
vantageously used.  Colored  niast  cs,  and  above  all  those  colored  with 
blaek,  render  more  distinct  the  perception  of  the  optical  phenomenon. 
The  glass  tube  e.xtcnds  a  little  beyond  the  metallic  casing,  in  order 
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to  obtain  a  hermetical  joint,  in  case  the  sealing  of  its  extremities  to  its 
casing  should  not  be  quite  water-tight,  and  thus  to  prevent  acids  and 
other  agents  from  attacking  the  metal  or  the  mastic.  This  disposition, 
however,  is  not  indispensable,  and  in  most  cases  the  glass  tube  will  be 
level  with  its  casing. 

JFif.  3  represents  the  section  of  the  indicator,  provided  with  lenses. 

A,  metallic  body  ;  a',  tubuhitures,  capable  of  receiving  cocks  ;  a,  a\ 
a}\  plano-concave  lenses.  There  are  many  means  of  fixing  the  lenses 
in  the  holes;  they  maybe  screwed  with  an  oily  mastic,  as  in  a\  or  simply 
sealed  with  a  mastic,  specially  that  of  cast  iron  in  brimmed  holes,  as 
in  a*\  or  only  hot  fixed  by  means  of  a  sufficiently  fusible  enamel,  pro- 
vided that  the  ghass  made  use  of  be  of  a  dilatation  pretty  nearly  the 
same  as  that  of  the  metal  employed,  which  should  be  little  dilatable 
itself,  such  as  cast  iron,  iron,  steel.  I  do  not  mention  platinum  because 
of  its  high  price. 

Lenses  may  also  be  placed  on  thinner  tubes  by  means  of  tubulatures, 
A,  fi"-.  4,  into  which  they  are  fixed,  either  with  a  mastic  or  with  india 
rubber,  by  means  of  a  screw  cap.  They  may  likewise  be  sealed  with 
an  enamel  into  very  thin  tubulatures  which  will  attenuate  the  effects 
of  expansion.  By  enamelling  the  cast  iron,  iron,  and  steel  tubes,  they 
will  thoroughly  be  kept  from  oxidation. 

Fig.  5  represents  an  enlarged  view  of  a  mode  of  fixing  the  lenses  in 
the  tubulatures. 

A,  lens;  b,  side  of  tlie  tube  ;  c,  externally  screwed  tubulature  ;  c  , 
matter  of  the  joint,  which  matter  may  be,  according  to  the  case,  cither 
a  ring  of  vulcanized  india-rubber,  or  amianth,  impregnated  with  mastic 
or  simply  oiled  hemp  for  both  low  and  me*an  pressures ;  e'\  metallic 
ring  that  compresses  the  joint;  d,  screwed  cap,  screwing  on  the  metal- 
lic ring. 

Self-Acting  Spanners  or  Screw  Wrenches. 

Yrom  tlie  London  Aiti/,:in,  ,1nnc,  1864. 

These  spanners  area  contrivance  of  Mr.  L.  Schwartzkopff,  of  Berlin, 
■whose  steam  hammer  we  illustrated  in  The  Artizan  of  September,  1862. 


A 
The  main  feature  in  these  spanners  is  the  simplicity  of  their  construc- 
tion, as  they  can  be  used  for  nuts  of  all  sizes  by  simply  applying  them 
to  the  nut  and  turning  a  hand-lever,  without  any  special  mechanism 
for  setting  them  being  required.  The  chuck  a  is  fixed  on  the  hand- 
lever,  and  connected  with  the  small  lever  5,  which  is  set  in  motion  by 
the  movablejaw  a  being  pressed  against  one  side  of  the  nut.  By  this 
means  the  spanners  will  close  themselves,  irrespective  of  the  gauge 
of  the  nut,  so  long  as  the  latter  can  be  contained  between  the  two 
jaws. 
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Hefrigerating  and  Ice-Malcing  ^fach^nes. 

Eeport  on  tbc  a[iparuUi9  by  M.  Carre,  havinij  for  its  object  the  production  of 

artiticial  cold. 

(Cummisaion  eompotitd  of  MM.  Jlegnault,  lialard,  awl  Pouillrt.  r furrier.) 

Frum  tbc  Practical  M<-cbwiic'i  Jouroal,  (Ictobrr,  l>fl3. 

The  followirifT  valuable  Iteport  of  a  C«»iiniii.<sion  of  the  In.-iitute  of 
Francr,  upon  M.  Csirre'rf  ice-iiiakiiif;  iiiacliiiKiy,  y)rfseiits  many  con- 
fsidcrations  more  or  less  generally  applicahlc  to  all  machines  of  this 
class  ;  and  as  placing  some  of  the  more  fumlaTnental  points  relating  to 
these  machines,  as  yet  so  imperfectly  understood  hy  mechanical  engin- 
eers in  this  country,  in  a  very  clear  light,  we  have  deemed  it  fitting 
to  supply  our  rcadt-rs  with  a  tran>lation  of  the  entire  report. 

M.  Carre  has  presented  to  the  Academy  the  drawings  and  description 
of  an  apparatus  which  he  has  invented  for  producing  cold,  and  for 
solving  tlie  f)rohlem  of  artifical  cold  in  all  its  generality,  whether  it  be 
j)ropo>erl  to  make  ice,  or  sim|)ly  to  cool  large  volumes  of  air  or  liipiid, 
or  finally  to  cause  very  considerable  masses  of  li<|uid  to  fall  to  the  low 
temi)eratures  of  l'>°  C,  (0°  Fahr.,)  or  2U'  C,  (4*^  below  zero.  Fahr.,) 
for  he  is  endeavoring  to  apply  this  invention  to  pro«lucing  great  degrees 
of  cold  in  the  sea  water  of  some  extensive  salt  works  in  the  south  of 
France. 

The  Commission  met  several  times  in  the  worksliops  of  MM.  Mignon 
and  Uouart,  where  there  was  a  model  of  this  a|>j)aratus.  They  examined 
its  construction,  and  further,  they  made  it  work  umler  their  eyes,  as 
often  and  as  long  as  they  wished,  in  order  to  appreciate  its  work. 

This  model  had  ditnensions  large  enough  to  render  it  possible  to  take 
into  account  all  the  physical  and  mechanical  phenomena  which  conjoin 
to  the  result,  and  wliich  insure  the  regularity  of  its  working  for  whole 
days  together. 

The  most  of  its  operations  are  for  tlio  purpose  not  of  cooling  brine,  but 
of  making  ice ;  and  at  its  ordinary  rate  of  working,  the  apparatus  gives 
25  kilogrammes  an  hour  or  li/iO  kilogrammes  a  day.  Its  refrigerating 
power  then  was  2.')()()  units  of  heat  (cabsries)  an  hour,  since  water,  taken 
at  ordinary  teuij)eratures,  must  lose  nearly  T>'>  unit*  per  kilogramme 
in  its  transformation  into  cylinders  of  ice,  the  very  interiors  of  which 
arc  several  degrees  Ixdow  zero. 

In  estinuiting,  as  we  have  just  done,  the  power  of  the  apparatus  by 
the  number  of  units  of  heat  which  it  is  capable  of  abstracting  per  hour 
from  the  body  which  is  given  to  it  to  cool,  it  must  not  be  lost  sight  of 
that  there  is  still  another  element  whi«'h  must  be  taken  into  the  account 
namely,  the  vitctixitt/  of  the  cold  produced.  In  fact,  an  apparatus 
vrhich  takes  2500  units  per  hour  frtmi  a  body  in  causing  it  to  descend, 
for  example,  fri.m  10°  (50°  Fahr.)  to  0°  (32°'Fahr.,)  is  in  noway  com- 
parable to  another  apparatus  which  takes  the  same  2500  units  per  hour 
but  makes  it  descend  from  20^  to  oO"".  It  is  absolutely  necessary  then, 
to  express  in  a  complete  nianner  the  refrigerating  power  of  a  given 
apparatus,  to  mention  at  the  same  time  the  number  of  units  which  it 
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abstracts  per  hour,  and  the  two  limiting  temperatures  between  which 
the  cooling  is  accomplished. 

The  general  principles  on  which  the  construction  of  the  apparatus  of 
M.  Carre  rests  are  very  simple.  They  are  put  in  practice  in  the  various 
cryophores  and  refrigerators  hitherto  invented.  They  must  be  here 
referred  to. 

A  more  or  less  volatile  liquid  is  contained  in  an  hermetically  sealed 
vessel,  analogous  to  a  steam  boiler,  but  with  this  difference,  that  instead 
of  receivinor  the  heat  of  the  fire,  it  ^ives  out  cold  all  round  it.  This 
vessel,  which  we  shall  call  the  refrigerator,  communicates,  by  a  large 
tube  and  stop-cock,  with  an  empty  space,  which  we  shall  suppose  at 
the  commencement  to  be  very  large.  At  the  moment  of  opening  the 
stop-cock,  the  vapors  of  the  liquid  rush  into  the  void  by  their  elastic 
force,  other  vapors  form  on  the  instant,  which  rush  in  in  their  turn, 
and  the  operation  thus  goes  6n  as  long  as  there  is  any  liquid  to  vaporize. 
These  vapors  cannot  form  without  taking  from  the  walls  of  the  refri- 
gerator all  the  latent  heat  which  is  necessary  for  their  existence  and 
their  elasticity.  Thus  the  refrigerator  becomes  cooled  more  and  more, 
and  to  establish  an  equilibrium  temperature,  it  abstracts  from  the 
bodies  which  touch  and  surround  it  the  whole  quantity  of  heat  which  it 
has  had  to  furnish  for  the  evaporation.  If  there  is  formed,  for  example, 
according  to  the  capacity  of  the  refrigerator,  10  or  100  kilogrammes 
of  vapor  an  hour,  the  number  of  units  abstracted  will  be 

yOOO  or  50,000,  if  the  volatile  liquid  is  water; 
2000  or  20,000,  "  '•  alcohol; 

900  or    9,000,  "  "  ether; 

for  the  latent  heats  of  these  liquids  are  about  500,  200,  and  90  units 
per  kilogramme. 

As  to  the  degree  of  cold  to  which  the  refrigerator  can  reach  by  these 
spontaneous  evaporations,  it  depends  principally  on  the  nature  of  the 
volatile  liquid.  By  supplying  it  with  water,  we  with  diflficulty  get  to  a 
few  degrees  below  zero,  because  solidification  without  wholly  depriving 
it  of  the  property  of  giving  off  vapors,  does  deprive  it  of  the  property 
of  giving  them  off  in  great  abundance.  On  the  contrary,  alcohol,  ether, 
and  other  volatile  bodies  which  remain  liquid  at  very  low  temperatures, 
continue  also  capable  of  giving  off  abundant  vapors,  and  consequently 
of  producing  very  great  degrees  of  cold. 

What  is  thus  so  simple  in  theory  becomes  strangely  complicated  when 
it  comes  to  be  put  in  practice,  when  it  is  necessary  to  embody  these 
primary  ideas,  in  such  a  way  as  to  build  up  a  great  continuously  working 
machine,  working  with  regularity,  and  governing  itself  almost  like  a 
steam  engine.  This  was  truly  a  difficult  question,  and  M.  Carre  has 
at  last  given  us  a  satisfactory  solution  of  it. 

Let  us  first  point  out  the  principal  difficulties,  or  rather  the  points 
on  which  they  bear. 

1.  We  have  supposed  the  refrigerator  was  put  in  communication  with 
an  empty  space,  indefinitely  great,  and  that  the  vapor  could  form 
■without  ceasing,  in  virtue  of  the  elastic  force  which  is  proper  to  it. 


Refrigerating  and  Ice-Makiii;/  Machines.  Ill 

Thi.s  liypothcsis  is  not  realizable.  We  must  then  recover  tliis  vap.-r 
as  fa  .St  as  it  forms,  and  further  compress,  liquify,  and  collect  it,  to 
employ  it  again,  because  it  would  cost  too  much  if  it  were  allowed  t«. 
be  lost. 

"2.  It  is  necessary  to  introduce  into  the  refrij^orator  a  wei;rht  of  liquid 
equal  to  the  weight  of  va]K>r  which  forms  in  it  in  a  given  time,  and 
which  can  be  pumped  out  of  it,  as  we  have  just  said.  This  is  the 
rit^orous  condition,  without  which  the  action  of  the  apparatus  could 
not  be  regular  or  continuous. 

i5.  Ft  is  necessary  that  all  the  joints  and  closings  should  be  hermeti- 
cally tight.  The  smallest  (juantity  of  air  penetrating  to  the  interior 
would  suffice  to  compromise  all,  and  the  same  would  happen  if  the 
vapors  could  escape  outwards. 

4.  In  proportion  as  the  limiting  temperature  at  which  the  refrige- 
rator ought  to  be  lowered,  the  elasticity  of  the  vapor  decreases,  and 
the  volume  which  an  equal  weight  occupies  becomes  greater  and  greater. 
Accordinglv,  when  w<'  want  to  form  a  given  weight  in  a  given  time, 
for  instance,  10  or  100  kilogrammes  an  hour,  it  is  plain  there  will  be 
a  whole  series  of  experiments  to  make  on  the  frtrms  and  dimensions  to 
]»e  given,  not  only  to  the  interior  of  the  refrigerator,  but  to  the  supply 
an<l  delivery  [»ipes,  the  ocks,  and  in  one  word,  of  all  the  jiarts  which 
assist  in  the  formation  or  circulation  of  the  vapor. 

f).  Finally,  although  certain  complex  liquids,  as  the  solution  of 
ammonia  in  water,  present  certain  marked  a<lvantages  in  some  respects, 
they  are  subject  to  all  the  preceding  difficulties,  and  besides,  are  siibject 
to  difficulties  of  another  nature,  depen<ling  on  the  two  vapors  which 
tliev  form,  besides  the  necessity  of  regulating  the  variable  proportions 
of  their  mixturi". 

The  a])paratus  with  which  we  are  occupying  ourselves  in  fact  contains 
an  ammoniacal  solution  as  the  li<|uitl  for  producing  the  cold,  an<l  we 
ouL'ht  consecjuently  to  ex])ect  to  find  in  it  all  these  ditllculties  at  once. 

Accordingly,  we  must  attempt  to  give  some  idea  of  its  construction, 
at  least  as  far  as  we  can  without  the  uiil  of  figures. 

The  ammoniacal  solution  undergoes  four  changes  of  state. 

It  is  vaporized  by  a  boiler. 

This  vapor  is  condensed  by  a  li(|uifier.  In  this  new  state  the  liquid 
is  received  into  a  distributor,  which  introduces  or  distributes  it  iii 
proper  (piantity  into  the  refrigerator. 

Here  the  liq»u)r  evajioratcs  afresh,  to  produce  the  cold. 

G.  These  new  vapors  are  withdrawn  through  a  large  tube,  and  con- 
densed in  an  absorbent  reservoir,  where  they  arc  exposed  to  the  im- 
poverished li(|uid  drawn  from  the  boiler  itself.  The  poor  liquid  beeonies 
rich  bv  the  absorldion  of  the  ammoniacal  vapor,  and  submitted  to  the 
double  efleet  of  an  exliausting  a!id  condensing  pump,  which  exhausts 
it  from  the  bottom  of  the  absorl)ent  reservoir,  to  condense  it  in  the 
boiler  from  which  it  started,  partly  in  the  state  of  vapor,  and  partly 
in  that  of  liiiuid. 

Thus  every  thing  is  reduced  to  a  complete  circulation  of  the  volatile 
liquid,  of  which  the  two  elements,  water  and  ammonia,  are  alternately 
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separated  and  re-united,  either  by  condensation  6r  evaporation,  their 
mutual  affinity  phiying  here  an  important  part,  which  is  worthy  of 
remark. 

In  order  better  to  understand  how  this  circulation  goes  on  indefinitely 
and  always  Avith  the  same  original  quantity  of  liquid,  we  shall  separate 
it  into  two  parts,  namely.  The  ijassage  from  the  boiler  to  the  refrigerator 
and  The  passage  from  the  refrigerator  to  the  boiler. 

Passage  from  the  boiler  to  the  refrigerator. — In  the  model  of  the  size 
for  2500  units  per  hour,  the  work  of  which  we  have  been  enabled  to 
observe,  the  boiler  is  a  vertical  cylinder,  of  1  m.  20  c.  m.  high,  by  0 
m.  40  c.  m.  in  diameter.  With  a  capacity  of  1  hectolitre  and  a  half, 
(=3'2  gallons  nearly)  it  is  charged  with  only  80  or  90  litres  of  a  very 
concentrated  solution  of  ammonia.  It  is  maintained  at  a  temperature 
which  does  not  exceed  ISO^^,  (266°  Fahr).  Thus  the  tension  of  the 
united  vapors  of  Avater  and  of  ammonia  is  that  of  8  atmospheres. 

The  upper  half  of  the  boiler  is  outside  tlie  furnace,  and  in  contact 
with  the  air.  It  is  furnished  inside  with  a  series  of  vessels,  superimposed 
on  one  another,  forming  a  sort  of  rectifying  cascade,  where  the  am- 
moniacal  vapor  frees  itself  in  great  part  of  the  watery  vapor  which 
it  contained. 

This  dried  vapor  escapes  by  a  long  tube  of  suitable  section,  which 
conducts  it  to  the  connector  (chevet)  at  the  entrance  into  the  liquifier. 

The  liquifier  is  composed  of  four  worms,  plane  and  parallel,  placed 
5  centimetres  from  one  another.  The  tube  of  each  Avorm  opens  into  the 
entrance  connector,  which  is  horizontal.  It  then  continues  in  a  right 
line,  to  a  length  of  lm.50,  Avith  the  slope  necessary  for  the  floAv  of  the 
liquid;  there  it  curves  round  to  return,  ahvays  descending  in  the  same 
vertical  plane,  makes  a  second  ply,  and  again  a  third  ply  similar  to  the 
first,  at  the  end  of  Avhich  it  opens  into  the  exit  connector,  Avhich  is 
jjarallel  to  that  at  the  entrance.  This  system  of  zigzag  worms  is 
plunged  in  a  great  vessel  of  cold  water,  Avhich  is  rencAved  sufficiently 
to  prevent  the  temperature  rising  to  30°  (86°  Fahr.)  by  reason  of  the 
condensation  of  the  vapor  Avhich  takes  place  inside  the  tubes. 

The  exit  connector  of  the  liquifier  receives  also  all  the  liquid  which 
has  been  formed  in  the  Avorms,  more  from  the  effect  of  the  cooling  than 
from  the  effect  of  the  pressure  of  8  atmospheres  of  the  boiler,  a  pressure 
Avhich  transmits  itself  directly,  and  without  any  break,  up  to  the  point 
at  Avhich  Ave  have  noAV  arrived.  Here  the  transformation  is  complete, 
and  for  the  rest  of  the  passage,  and  up  to  the  refrigerator,  it  is  liquid 
that  circulates;  but  it  is  not  the  less  subject  to  the  pressure  of  the 
boiler,  because  it  has  no  further  obstacle  to  modify  its  free  progress. 

This  liquid  must  not  arrive  at  the  refrigerator  except  in  the  most 
exact  proportion,  and  with  perfect  regularity;  hence  a  distributor  is 
necessai'y,  which  shall  regulate  its  supply. 

The  distributor  is  a  cylindrical  vessel,  of  25  or  30  centimetres  high, 
having  a  capacity  of  4  or  5  litres,  and  carrying  near  the  top  a  lateral 
tube  for  the  entry  of  the  liquid.  A  pipe  starts  from  the  bottom  of  this 
vessel,  and  is  prolonged  doAvnAvards,  and  Avith  a  common  axis  Avith  the 
cylinder.     It  is  15  or  20  centimetres  long,  and  only  2  centimetres  in- 
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tcrlor  diameter,  except  at  the  bottom,  where  it  is  contracted  for  a  few 
rnilliinetres,  and  ground  so  a."*  to  make  a  «ort  of  valve  seat.  There  it 
is  closed,  and  carries  on  the  side,  near  the  middle  of  the  height  of  the 
valve  peat,  a  hiiihII  «tj»Miiiij»  for  the  exit  of  tlie  li<|uid. 

A  li^ht  and  d«li(;:ito  tlrmt,  open  ahove  and  closed  below,  with  the 
exception  of  a  hole  which  corresponds  with  that  of  the  valve  neat,  can 
move  freely  in  the  vessel,  with  which  it  corresp«jnds  in  form,  except 
that  it  i.s  a  little  narrower,  an<l  only  touches  it  fur  the  hei;;ht  of  tht* 
valve  seat.  The  whole  movement  of  the  float  is  reduced  to  a  vertical 
(•scillation,  which  cannot  exceed  10  or  VI  millimetres,  and  which  it 
performs  without  hein;;  able  to  turn  on  its  axis. 

1"he  following  is  the  manner  in  which  this  inpenious  distributor  actj^. 
A  tube  (■staldisiies  free  communication  between  tlie  exit  connector  and 
the  interior  of  the  distributor.  The  first  liouid  which  comes  off  falls 
between  the  sides  of  the  vessel  and  those  of  the  float ;  the  latter  is  soon 
raised,  and  its  aperture  ceases  to  correspond  with  that  of  the  valve  seat. 
The  li<|uid  continuiri;:  to  arrive,  its  level  overtops  the  edge  of  the  float, 
which  irom  this  instant  fills  more  and  more,  When  it  is  half  full  or 
nearly,  its  weight  exceeds  that  of  the  liquid  which  it  displaces  ;  it  then 
descends,  and  at  the  moment  it  comes  to  a  position  of  rest,  its  aperture 
corresponds  with  thatof  the  valve  seat,  and  the  liquid  escapes  outwards. 
From  that  it  lightens  itself  more  and  more.  If  the  exit  connector  of  the 
lii|uifier  does  not  conipetisate  the  loss  which  it  j)roduccs,  it  will  continue 
to  ascend,  and  to  stop  the  distriltution,  which  it  is  its  business  to  make 
to  the  refrigerator.  IJut  as  will  be  seen,  this  suspension  can  only  take 
place  when  it  becomes  necessary,  that  is  to  say,  when  the  reserve  liquid 
is  nearly  exhausted. 

To  the  exit  aperture  of  the  distributor  is  fitted  a  tube  of  small  dia- 
meter, of  any  length  or  degree  of  curvature,  whi  "h  ultiinately  carries 
intt»  the  interior  of  the  refrigerator  the  liquid  produceil  by  the  cold, 
and  w  Inch  thus  terminates  the  first  part  of  the  circuit.  This  lube,  before 
entering  the  refrigerator,  is  furnishe<l  with  a  stop-cock,  wliich  is  the 
first  that  is  met  with  from  the  time  of  leaving  the  boiler,  or  the  starling 
point  of  the  circuit.  To  show  how  necessary  this  arresting  point  is,  it 
will  sullice  to  rt mark,  that  the  tension  of  the  vapor  in  the  refrigerator 
should  be  about  ^ne  atmosphere,  or  perhaj)S  a  little  more,  as  wc  shall 
see  immediately,  while  it  is  eight  atmospheres  in  the  boiler. 

^Vith  this  excess  of  seven  atmospheres,  then,  the  va|K)r  in  the  boiler 
would  rush  violently  into  the  refrigerator,  if  this  first  stop-cock  were 
not  interposed.  It  is,  then,  indispensable.  It  is  this  which  cntroU 
the  eflect  of  tiiis  excess  of  pressure,  which  stops  it  off  at  will,  and  ^hich 
reduies  it  to  what  it  ought  to  be,  in  order  tJiat  the  liquid  may  be  irt- 
jected  into  the  refrigerator  at  a  suitable  rate. 

It  would  he  superfluous  to  describe  the  refrigerator  here,  because  il^ 
form  and  dimensions  tlepen<i  on  the  effects  which  it  is  wished  to  pro- 
duce. Th<*y  will  be  very  diff«>rent,  whether  it  he  to  make  ice. 
or  to  cool  masses  of  liquid,  which  are  changetl  >»i;  t  lesaquick- 
nos.  We  shall  confine  ourselves  to  saying  that  the  lorra  of  the  refn- 
^crator  is  far  from  arbitrary,  and  that  in  every  ca«e  there  are  Iwv 
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essential  conditions  to  which  it  remains  subject,  namely,  to  expose 
large  evaporating  surfaces  always  wetted  with  liquid,  and  at  the  same 
time,  to  give  a  very  free  circulation  to  the  vapor,  and  also  to  collect 
in  a  small  space  the  residues  of  the  evaporation,  which  become  more 
and  more  hydrated,  and  from  which  it  is  necessary  to  free  the  refri- 
gerator from  time  to  time,  by  certain  and  easy  means. 

(To  be  Continued.,) 


On  the  Supposed  Mature  of  Air  prior  to  the  Discovert/  of  Oxygen. 
By  George  F.  Rodwell,  F.C.S. 

From  the  London  Cbemical  News,  No.  202. 
CContinued  from  page  30.) 

2.  To  the  Death  of  Galileo. — Science  made  but  little  progress  during 
the  middle  ages,  but  that  such  was  the  case  is  not  to  be  wondered  at, 
when  we  consider  the  constitution  of  society  at  the  time. 

The  chief  elements  in  that  society  were  the  feudal  barons  and  the 
priests.  The  barons  were  perpetually  at  war  with  their  neighbors, 
war  was  their  profession,  and  study  of  any  kind  was  distasteful  to  them  ; 
their  minds  were  never  required  to  think  deeply,  and  soon  lost  the 
power  of  doing  so  for  want  of  practice.  The  priests  were  often  men 
of  learning,  but  they  devoted  their  energies  solely  to  theology,  for  their 
church  considered  the  scientific  dogmas  of  Aristotle  sufficient  for  all 
purposes,  and  forbade  speculations  in  reference  to  the  causes  of  natural 
phenomena.  It  was  the  church  therefore  which  raised  obstructions  to 
prevent  the  further  progress  of  science,  it  was  the  church  that  did  not 
allow  men  to  think  for  themselves,  and  which  undoubtedly  by  so  doing 
retarded  the  civilization  of  Europe  for  centuries.  AVe  have  not  yet  re- 
covered from  the  effects  of  that  edict. 

There  were,  no  doubt,  great  and  original  scientific  thinkers  during 
the  middle  ages,  but  their  thoughts  too  often  perished  with  them,  for 
they  did  not  dare  to  oppose  Aristotle  openly,  and  but  little  thought 
must  have  shown  them  the  fallacy  of  his  reasoning. 

The  alchemists  in  their  search  for  the  philosopher's  stone  collected 
together  a  great  mass  of  matter,  out  of  which  has  been  extracted  a 
few  facts  of  practical  utility,  for  labor  applied  to  the  elucidation  of 
the  most  visionary  and  impossible  theory  is  never  entirely  lost;  purged 
of  its  dross,  a  little  globule  of  pure  metal  always  remains.  I  believe 
if  a  man  were  to  try  to  liarness  a  comet  to  a  railway  train,  although 
ninety-nine  parts  of  his  labor  would  be  lost,  the  hundredth  would  be 
of  profit  to  the  world. 

In  the  writings  of  the  alchemists  we  usually  find  a  chapter  devoted 
to  the  four  elements,  and  the  conversion  of  one  into  the  other,  accord- 
ing to  Aristotle's  theory,  is  generally  represented  by  a  diagram.  The 
following  is  taken  from  a  work  on  Alchemy*  published  in  1546  : — 

Fire  is  represented  by  an  angel,  air  by  a  bird,  water  by  a  dragon, 
.and  earth  by  a  bull. 

*  "  Pretiosa  Margarita  Novella  de  Thesauro,"  &c.,  1546. 
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The  manifestation  of  a  taste  for  scientific  studies  was  very  apparent 
in  Italy  in  the  niidiilt*  of  tlie  sixteenth  century,  and  several  scientific 
bocietics  were  then  i'uunded. 
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Ciiovanni  Bnptista  Porta*  was  one  of  the  greatest  cultivators  of  science 
of  this  period;  he  was  the  author  of  numerous  works  on  a  variety  of 
subjects  ;  among  them  I  may  mention  several  works  on  physiognomy, 
several  comedies,  aii<l  treatises  <tn  "The  Art  of  Remembering,"  *' (in 
Distillation,"  "Ou  Kefrnction,"  "On  Natural  Magic,"  and  "On  the 
Transmutations  of  the  Air;"   the  two  last  alone  claim  our  attention. 

The  treatise  on  "Natural  Magic"  is  I'orta's  best  known  work.  In 
the  preface  to  the  edition  which  I  have  consulted,  Porta  informs  his 
readers  that  he  first  published  the  work  when  he  was  scarcely  fifteen 
vi'ars  old,  and  that  it  was  well  receive*!  ami  translated  into  Italian, 
French,  Spanish,  and  Arabic;  he  now  sends  it  forth  again  t<»  the  world 
thirty. five  years  later.  The  contents  were  taken  both  from  the  writings 
of  the  ancients  and  from  those  of  his  contemporaries;  libraries  in  France 
Italy,  and  Spain  were  ransackeil ;  Porta's  own  personal  observations 
in  various  countries  were  addeil,  and  he  was  assisted  by  "  nobles,  po- 
tentates, great  and  learned  men;"  moreover,  money  was  willingly 
contributed  to  pay  for  the  expenses  of  trying  experiments. 

Let  us  leave  the  preface,  ami  look  at  the  result  of  all  this  labor. 

The  Treatise  is  divided  into  -0  Books. 

Book  4  treats  "Of  increasing  Household  Stuff.' 

IJook  7  gives  a  good  account  of  the  principal  properties  of  the  load- 
stone, and  is  the  most  philosophical  treatise  in  the  whole  work. 

lJot)k  8  "Of  Physical  Experiment.*,"  is  a  very  curious  production. 
We  find  among  the  experiments — "To  make  a  man  out  of  liis  senses 
for  a  day,"  "  To  fasten  the  teeth,"  and  an  account  of  "A  preservative 
against  envy." 

iiook    9  treats  "Of  Beautifying  Women." 

Book  l;J  "Of  Tempering  Steel." 

Book  14  "Of  Cookery." 

Book  20  "  Of  the  Chaos." 

•  Born,  1645.     Died,   1C16 
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This  work  gives  us  some  idea  of  the  scientific  literature  of  the  period. 
Here  was  a  man  of  undoubted  literary  tastes,  with  every  possible  fa- 
cility given  him  for  the  compilation  of  his  book,  with  thirty-five  years 
to  collect  and  arrange  his  subjects,  and  to  build  them  up  on  a  founda- 
tion already  laid,  with  the  assistance  of  the  most  learned  men  of  the 
time  ;  in  a  word,  furnished  with  everything  which  could  make  his  work 
the  most  scientific  which  had  yet  appeared,  and  when  he  gives  it  to  the 
world  he  is  found  to  have  written  on  the  most  diverse  and  eminently 
unscientific  subjects,  which  are,  moreover,  badly  arranged  and  badly 
handled.  Still  this  work  was  a  step  in  the  right  direction  ;  Porta's 
predecessors  had  for  the  most  part  written  on  sorcery  and  necromancy, 
and  had  dealt  in  such  arts ;  Porta  strongly  repudiates  the  assertion 
that  he  was  a  sorcerer,  and  endeavors  to  show  that  the  magic  of 
nature  is  as  wonderful  as  that  of  wizards  and  witches;  and  as  a  work 
■written  for  such  a  purpose,  we  must  regard  the  "Natural  Magic,"  in 
spite  of  its  faults,  as  one  of  the  channels  by  which  the  human  mind 
escaped  from  the  stagnant  lake  of  middle  age  ignorance  and  supersti- 
tion. 

Porta's  treatise  on  the  "  Transmutations  of  the  Air,"  contains  a 
table  which  begins  with  air  and  ends  with  forty-three  entities,  into 
which  he  believes  it  can  be  transmuted ;  the  following  are  among  them  :— 

Air  vehemently  agitated  by  the  orb  of  the  moon,  becomes  fire.  Rare- 
fied by  the  heat  of  the  sun — wind.  Moderately  condensed — Clouds. 
Congealed — snow. 

Rarefied  by  heat  beneath  the  earth,  air  produces  earthquakes,  and 
by  other  causes  it  becomes  dew,  meteors,  thunder,  lightning,  whirl- 
winds, &c.,  &c.  This  work  contains  chapters  on  rain,  snow,  hail,  clouds, 
and  on  other  subjects  connected  with  meteorology. 

Our  own  countryman  Francis  Bacon,*  did  more  to  engraft  in  the 
human  mind  a  love  for  science  than  any  of  his  predecessors.  He  was 
the  founder  of  a  new  epoch  in  the  history  of  science,  the  advocator  of 
a  new  method  of  addressing  questions  to  Nature,  the  very  father  of  all 
our  experimental  sciences.  Not  only  did  he  give  us  the  true  method 
of  conducting  scientific  inquiry,  but  he  also  put  many  of  his  own  sug- 
gestions to  the  test  by  actual  experiment ;  a  few  of  his  experiments 
relate  to  the  air. 

Bacon  believed  that  air  was  produced  from  water,  for  he  tells  us 
that  a  drop  of  water  turned  into  air  occupies  a  hundred  times  its  former 
bulk ;  and  he  considers  it  very  probable  that  air  may  be  condensed  to 
water  by  subjecting  it  for  some  months  to  a  freezing  temperature,  be- 
cause we  see  that  solid  bodies  are  permanently  affected  by  being  kept 
in  a  state  of  strain ;  a  stick  if  kept  bent  for  a  considerable  time  does 
not  regain  its  former  shape ;  may  it  not  happen  that  the  air  will  be 
permanently  affected  by  violence  ? 

In  the  forty-fifth  aphorism  of  Book  II.  of  the  "Novum  Organum," 
Bacon  mentions  an  experiment  which  he  made  to  discover  to  what  ex- 
tent air  could  be  rarefied.  He  took  a  glass  egg,  and  withdrew  by  suc- 
tion as  much  air  as  was  possible  by  the  means ;  the  orifice  was  then 
*  Born,  1561.    Died,  1626. 
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closed  by  the  finfrer,  and  the  epg  immersed  in  water,  which,  on  open- 
ing the  orifice,  of  course  rose  to  a  certain  height  in  the  epjr,  the  reason 
of  which. he  explains  thus  :* — "The  air  being  constrained  by  the  effort 
made  in  suction,  and  dilated  beyon<l  its  natural  state,  and  therefore 
striving  to  recover  and  contract  itself  (so  that  if  the  e^'g  hatl  not  been 
immersed  in  water  it  would  have  drawn  in  the  air  with  h  hissing  sound) 
now  drew  in  a  sufficient  quantity  of  water  to  recover  its  former  dimen- 
sions," It  is  difficult  from  this  explanation  to  understand  in  what  light 
Bacon  viewed  the  rushing  in  of  water;  he  seems  to  have  considered 
that  suction  acted  on  the  air  in  the  q<i^  as  force  acts  in  bending  a  stick  ; 
and  tlio  contraction  of  the  air  an  effect  similar  to  that  of  a  bent  stick 
regaining  its  shape,  and  it  was  natural  to  compare  one  elastic  body 
with  another.  We  must  bear  in  mind  that  he  knew  nothing  of  the 
pressure  of  the  air,  for  he  censidered  it  impon«lerabIe. 

It  would  be  a  great  advantage,  he  writes,  if  bodies  could  be  endued 
with  fixed  properties  "  by  violence,"  and  he  recommends  it  to  be  tried, 
if,  when  a  glass  egg  is  exhausted  of  air  by  suction,  the  orifice  closed, 
and  the  whole  put  aside  for  some  days,  the  air  rushes  in  with  a  hissing 
sound  on  opening  the  aperture,  and  if  as  much  water  as  before  enters 
the  0^^. 

If  onions  are  hung  np  in  the  air  they  are  found  after  a  time  to  have 
sproutcil.  Bacon  recommends  that  they  should  be  weighed  before  and 
after  sprouting  ;  if  they  have  gained  weight  it  will  be  a  proof  that  "  air 
may  be  made  to  condense,  and  also  that  air  can  nourish." 

There  can  be  no  doubt,  writes  Bacon  in  the  **  Sylva  Sylvarum,"t 
that  the  airs  differ  in  different  localities,  because  it  is  well  known  that 
''confitures  and  pies"  become  mouldy,  and  meat  rots  in  some  airs 
much  sooner  than  in  others.  The  tests  which  he  gives  for  the  purity 
of  air  are  curious.  Air  may  be  considered  wholesome  if  wool  hung  up 
in  it  docs  not  increase  nuich  in  weight,  if  meat  does  not  rot  quickly, 
and  if  the  weather-glass  undergoes  no  sudden  change.  The  weather- 
glass here  mentioned  had  been  but  recently  invented  ;  it  was  the  in- 
strument which  we  now  call  the  air  thermometer,  and  tlierefore  showed 
changes  of  temperature  as  well  as  changes  of  the  air's  pressure.  There 
has  been  much  dispute  as  to  who  invented  this  thermometer;  some 
attribute  it  to  Santorio,  of  Padua,  others  to  Cornelius  Drebbel,  but 
the  generally  received  opinion  seems  to  be  that  it  was  invented  bv 
(Jalileo  in  1;31>7. 

Galileo^  was  the  contemporary  of  Bacon,  and  we  occasionally  find 
him  quoted  in  the  "Novum  Organum." 

He  entered  the  field  of  science  at  a  time  when,  from  neglect,  it  was 
overgrown  with  all  manner  of  rank  and  stunted  forms,  and  required 
a  strong  hand  to  chop  and  cut  right  and  left  to  remove  the  weeds,  and 
to  plant  new  seeil.  Galileo  attacked  the  ilogmas  of  Aristotle,  and  proved 
their  fallacy,  but  with  the  very  proofs  before  their  eyes,  men  refused 

♦  According  to  .1.   Devey's  tranjlation. 

t  PuMishcJ  after  the  author**  death  by  ^V.  Uawloy.     Tenth  Edition,  1070, 
consultwl. 

♦  Born,  1504.     Died,  1642. 
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to  admit  the  new  doctrines,  and  it  was  not  till  long  after  the  puhlication 
of  the  celebrated  "Mathematical  Dialogues,"  that  Aristotle's  physical 
theories  received  their  death-blow. 

In  the  "Mathematical  Dialogues"*  several  experiments  relative  to 
the  air  a^e  mentioned. 

Nothing,  he  says  in  the  first  Dialogue,  shows  us  Nature's  abhor- 
rence of  a  vacuum  better  than  the  experiment  in  which  two  plates  of 
metal  or  marble,  ground  with  very  smooth  surfaces,  when  pressed  to- 
gether, are  found  to  adhere  with  such  force  that  Ave  can  lift  one  by 
the  other.  In  order  to  show  "the  power  of  a  vacuum,"  Galileo  took  a 
hollow  cylinder  of  metal,  smoothly  turned  inside,  and  closed  at  one 
end;  into  this  he  fitted  accurately  a  short  solid  cylinder  of  wood,  to 
which  a  hook  for  supporting  weights  was  attached.  The  metal  cylinder 
was  filled  with  water,  and  the  Avood  pressed  down  upon  its  surface ; 
on  now  inverting  the  vessel  he  found  that  a  considerable  weight  might 
be  attached  to  the  hook  without  separating  the  wood  from  the  water, 
the  surface  of  the  wood  was  connected  with  the  water  according  to 
Galileo,  by  no  other  cause  "but  the  repugnance  to  a  vacuum,"  and  if 
we  know  the  weight  of  the  wood,  the  hook,  and  the  added  weights,  we 
obtain  the  "  quantity  of  the  force  of  the  vacuum." 

It  is  curious  that  a  philosopher  Avith  these  facts  before  his  eyes  could 
have  failed  to  discover  the  pressure  of  the  air ;  but  Ave  arrive  now  at 
the  observation  Avhich  ultimately  led  to  the  discovery  of  that  great  fact. 

On  one  occasion  Galileo  observed  a  cistern,  to  draw  Avater  out  of 
which  Avas  a  pump ;  "  this  pump,"  he  Avrites,  "  had  its  sucker  and  valve 
on  high,  so  that  the  water  Avas  raised  by  attraction  and  not  by  impulse 
as  it  is  in  those  pumps  Avhich  Avork  below.  This  drcAV  the  water  in 
great  plenty  whilst  the  water  was  at  a  certain  determinate  height  in 
the  cistern,  beloAV  which,  if  the  water  subsided,  the  pump  was  useless. 
The  first  time  I  observed  this  I  thought  the  engine  had  been  broke. 
I  sent  for  a  Avorkman  to  mend  it,  Avho  told  me  that  this  defect  Avas 
OAving  to  nothing  but  to  the  Avaters  being  too  Ioav,  and  thence  not  suf- 
fering itself  to  be  raised  to  such  a  height ;  and,  he  added,  that  neither 
pump  nor  any  other  machine  Avhich  raises  Avater  by  attraction  could 
ever  raise  the  water  a  hair's  breadth  more  than  eighteen  cubits  ;  and, 
let  the  i)ump  be  big  or  little,  that  this  is  the  utmost  height.  Now,  al- 
though I  knew  that  a  rope,  a  Avooden  staff',  and  an  iron  rod  might  be  so 
lengthened  that,  lifting  them  upright,  they  would  break  by  their  own 
weight,  yet  I  was  so  silly  as  never  till  noAV  to  consider  that  the  same 
thing  would  much  more  easily  happen  in  a  string  or  thread  of  Avater  ; 
and  Avhat  else  is  that  which  is  attracted  Avithin  the  pump  but  a  cylinder 
of  Avater,  Avhich,  being  more  and  more  prolonged,  at  length  arrives  at 
that  term  beyond  Avhich,  if  it  be  elevated,. it,  like  a  rope,  is  broke  by 
its  own  excessive  weight  ?  "  Such  Avas  Galileo's  explanation  of  the  phe- 
nomenon which  led  to  Torricelli's  discovery  of  the  pressure  of  the  air. 
Galileo  believed  that  the  particles  of  matter  are  held  together  by 
having  a  vacuum  betAveen  them,  penetrable  by  fire  but  not  by  air. 

"  First  published  in  1632  ;  done  into  Enjjlish  by  T.  Salisbury  in  1661,  and  by 
Thomas  Weston  in  1730.     AVeston's  translation  has  been  consulted. 
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Galileo  found  that  air  retarded  the  velocity  of  a  projectile,  and  ho 
proved  the  ''difference  of  velocities  in  movables  of  different  gravities 
to  he  more  and  more  as  the  mediums  are  more  and  more  resistiri;;; " 
and  hence,  he  continues,  *'I  have  thoun;ht  that  if  the  re!<istance  of  the 
mediums  be  wholly  taken  away,  all  matter  would  descend  with  equal 
velocity." 

Ci:ilileo  was  the  first  to  prove  satisfactorily  that  the  air  possessed 
wei;;ht.  In  order  to  show  this  ho  took  a  ^lass  bottle  with  a  narrow 
neck,  fitted  it  with  a  leather  cover  and  valve,  and  by  means  of  a  sy- 
rinfi;e  coiiipressed  a  <jii.intity  of  air  within  it;  the  bottle  and  compressed 
air  wore  now  carefully  wei<;hed,  the  weight  being  adjusted  by  fine  sand; 
he  then  opened  the  valve,  and  thus  let  out  the  compressed  air.  On  re- 
weighing,  the  bottle  was  fournl  to  be  lighter,  and  a  quantity  of  sand 
had  to  be  removed  from  the  other  scale.  There  can  be  no  doubt,  he 
says,  that  the  san<l  removed  represents  the  weight  of  air  which  was 
violently  ffjrced  into  the  bottle. 

Galileo  made  use  of  two  methods  to  determine  the  specific  gravity 
of  the  air.  liy  the  first  compressed  air  is  cau.^ed  to  form  water  from 
H  vessel;  by  the  second  a  vessel  is  taken,  and  a  quantity  of  water 
forced  into  it  without  allowing  any  air  to  escape.  The  air  thus  suffers 
compression;  the  whole  is  now  weighed,  the  valve  opened,  and  the 
compressed  air  allowed  to  escape.  The  air  which  escapes  is  obvioUi^ly 
equal  in  bulk  to  the  water  in  the  bottle,  and,  by  again  weigliing,  the 
Weight  of  air  which  has  escaped  is  found  ;  the  water  is  also  weighed, 
and  thus  we  arrive  at  the  relative  weights  of  the  two. 

(To  be  Conti'iurJ.) 
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From  Ibe  I«>ii<luu  Cbrinlc«l  Nr««,  No.  231. 

This  cement  composed  of  lime  and  india-rubber,  is  very  valuable  for 
nu)unting  large  microscopical  preparations.  The  prineiple  a<lvant:»ges 
are — that  it  never  becomes  jieifectly  hard,  and  thus  [u-rmits  cnn.-ider- 
alile  alteration  to  take  place  in  the  lluid  contained  it)  the  cell  without 
the  entrance  of  air,  and  it  adheres  very  intimately  to  glass,  even  if  it 
be  perfectly  smooth  and  unground.  If  a  glass  cover  is  to  be  affixed  to 
a  large  cell  containing  fluid,  a  small  piece  of  the  cement  is  taken  be- 
tween the  finger  and  thumb  and  carefully  rolled  round  until  it  can  be 
drawn  out  into  a  tiiread  about  the  eightii  or  tenth  of  an  inch  in  thick- 
ness ;  this  is  applied  to  the  top  of  the  cell,  hehire  introducing  any  lluid 
and  slightly  pressed  down  with  the  finger  previously  moistened.  It 
adheres  intimately.  The  preservative  tlnid  with  the  preparation  arc 
now  introduced,  and  the  cell  filled  with  tluid,  which  indeed  is  allowed 
to  rise  up  slightly  above  the  walls.  The  glass  cover,  rather  smaller 
than  the  external  dimensions  of  the  cell,  and  slightly  roughened  at  the 
edges,  is  to  be  gently  breathed  upon,  and  then  one  edge  is  applied  to 
the  cement,  so  that  it  may  be  alluwc«l  to  fall  gradually  upon  the  sur- 
face of  the  fluid  until  it  completely  covers  the  cell  and  a  certaiu  quantity 
of  the  superfluous  liquid  is  pressed  out.     By  the  aid  of  any  pointed 
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instrument  a  very  little  cement  is  removed  from  one  part,  so  that  more 
lluid  may  escape  as  the  cover  is  pressed  down  gently  into  tiie  cement. 
The  pressure  must  be  removed  very  gradually,  or  air  will  enter  through 
the  hole.  A  bubble  of  air  entering  in  this  manner  may  often  be  ex- 
pelled again  by  pressure,  or  it  may  be  driven  out  by  forcing  in  more 
lluid  through  a  very  fine  syringe  at  another  part  of  the  cell,  but  it  is 
far  better  to  prevent  the  entrance  of  air  in  the  first  instance.  The  edge 
of  the  glass  cover  being  thoroughly  embedded  in  the  cement,  the  small 
hole  is  to  be  carefully  plugged  up  by  a  small  piece  of  cement,  and  the 
cell  allowed  to  stand  perfectly  still  for  a  short  time,  ■when  it  may  be 
very  gently  wiped  witli  a  soft  cloth.  The  edges  of  the  cement  liiay  bo 
smoothed  by  the  application  of  a  warm  iron  wire,  and  any  superabund- 
ance removed  with  a  sharp  knife.  A  little  Brunswick  black  or  other 
liquid  cement  may  be  applied  to  the  edges  for  the  purpose  of  giving 
the  whole  a  neater  appearance.  The  cement  is  made  as  follows: — A 
certain  (juaiitity  of  india-rubber  scraps  is  carefully  melted  over  a  clear 
fire  in  a  covered  iron  pot.  When  the  mass  is  (juite  iluid,  finely  powdered 
lime,  having  been  slacked  by  exposure  to  the  air,  is  to  be  added  by 
small  quantities  at  a  time,  the  mixture  being  well  stirred.  AVhen 
moderately  thick,  it  is  removed  from  the  fire  and  well  beaten  in  a 
mortar,  and  moulded  in  the  hands  until  of  the  consistence  of  })utty. 
It  may  be  colored  by  the  a<ldition  of  vermilion  or  other  coloring  matter. 
This  cement  answers  well  for  fixing  on  the  glass  tops  of  large  prepara- 
tion jars,  but  if  moderately  strong  spirit  be  used  a  little  air  must  be 
permitted  to  remain  in  the  jar. — From  '■'■  JIuiv  to  work  with  theJIio-o- 
scope f"  by  Lionel  tS.  Beale, 

On  the  Pressure  of  Steam  at  High  Temperatures. 
By  U.  A.  Peacock,  C.E. 

Vriin  tlio  1^  >n  Ion  Artl/^ti,  Jan.  1801. 

Some  years  ago  the  writer  had  occasion  to  attempt  to  calculate  the 
probable  pressure  of  steam  at  the  highest  known  temperatures  and 
found,  amongst  other  things,  that  between  the  pressure  of  2')ll)s.  per 
square  inch  and  300  lbs.  to  the  S(|uare  inch,  the  latter  being  the  highest 
pressure  to  which  reliable  experiments  had  been  carried,  the  law  of 
increase  was  approximately  as  follows  : — 

1.  The  temperature  of  high  pressure  steam  of,  say,  25  lbs.  to  the 
square  inch  and  upwards,  increases  as  the  4\  root  of  the  pressure. 

2.  Conversely  the  pressure  of  steam  of,  say,  2o  lbs.  to  the  square 
inch  and  upwards,  increases  as  the  4^  power  of  the  temperature. 

3.  At  lower  pressures  than  about  25  lbs.  per  square  inch,  a  different 
law  prevails. 

It  may,  perhaps,  be  of  interest  to  some  to  see  the  calculations  by 
this  formula  placed  side  by  side  with  the  results  of  some  of  the  best 
known  experiments  and  formulae.  And  on  a  future  occasion  the  work- 
ing formula,  -which  is  very  simple  and  short,  will  also  be  given. 

The  following  table  gives  a  copy  of  the  "  more  trustworthy  of  Arago 
and  Dulong's  experiments  after  all  necessary  corrections,"  copied  from 
*' A  Treatise  on  Heat"  by  the  Rev.  K.  V.  Dixon,  A.M.,  Dublin.  1«49, 
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p.  173,  and  copied  by  him  from  "Ann.  de  Chira.  et  de  Phys."  tomo 
xliii,  p.  108,  reduced,  however,  from  Gent,  degrees  to  Fahr.,  and  from 
elastic  force  in  atmosphere  of  0-76"  to  pressure  in  pounds  per  square 
inch  by  the  present  writer,  an  atmosphere  being  taken  at  14-7  lbs.  It 
will  be  seen  that  the  formula  does  not  agree  v.ith  MM.  Arago  and 
Dulong's  experiments,  but  that  it  does  agree  nearly  with  other  well- 
known  experiments  specified  afterwards. 

The  American  Commissioners'  experiments,  which  are  not  now  given, 
differ  as  much  from  the  formula  as  MM.  Arago  and  Dulong's,  but  in  a 
different  way. 

3/.1/.  Arrtfio  and  Diilong''s  Experiments. 


Temperature 

Temperature 

Pressure. 

Fahrenheit 

Falirenlieit 

Differences. 

Observed. 

Culculuted. 

lbs.  per  sq.  in. 

Deg. 

Deg. 

31-458 

254  GO 

252  83 

+  1-83 

42-190 

271-94 

209-88 

2-00 

67-23 

301-46 

299-31 

2-15 

95-516 

320-12 

323-61 

2-51              1 

•108-4198 

335-30 

332-84 

2-40 

170-99 

371-30 

308-31 

2-99 

2-52-619 

404-24 

401-08 

2-56 

254-089 

405-32 

402-20 

312 

272-008 

410-90 

408-33 

2  57 

316-858 

425-12 

422-42 

2-70 

351-8298 

435-47 

432-30 

3-11 

The  following  are  the  experiments  of  Dr.  "\Ym.  Fairbairn,  F.R.S., 
given  at  p.  31-3,  of  "Useful  Information  for  Engineers,"  second  series. 
The  formula,  it  will  be  seen,  never  differs  as  much  as  half  a  degree 
Fahr.  from  experiment ;  and  the  calculations  being  sometimes  less  and 
sometimes  greater  than  the  corresponding  experiments,  indicate  that 
the  experiments  are  averaged  by  the  formula,  and  some  of  the  differ- 
ences are  quite  insignificant. 


Temperature 

Temperature 

Pressure. 

Fahrenheit 

Falironhi.-it 

Differences. 

Observed. 

Calculated. 

lbs.  per  sq.  in. 

Deg. 

Deg. 

26-5 

242-90 

243-37 

—47 

27-4 

244-82 

245-19 

—37 

27-6 

245-22 

245-59 

—37 

33-1 

255-50 

255 -n 

—-21 

37-8 

203-14 

263-36 

,.i.> 

40-3 

207-21 

267-14 

+  -07 

41-7 

209-20 

269-17 

+  •03 

45-7 

274-76 

274-70 

+  -0G 

49-4 

279-42 

279-50 

—08 

51-7 

282-58 

282-34 

+  •24 

55-9 

287-25 

287-28 

—•03 

56-7 

288-2-5 

288-20 

+  05 

60- G 

292-53 

292-48 

+  05 
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The  following  are  M.  Regnault's  experiments  from  23  lbs.  to  the 
square  inch  up  to  300  lbs.  to  the  square  inch,  from  which  the  formula 
never  differs  as  much  as  three-quarters  of  a  degree  Fahr.,  and  at  300  lbs. 
pressure  it  very  nearly  coincides  with  experiment. 

Regnault's  experiments,  as  now  given,  are  copied  from  Dr.  W.  Fair- 
bairn's  "Mills  and  Millwork,"  vol.  i,  p.  202,  obtained  from  the  tables 
of  M.  Regnault,  by  interpolation  and  reduction  to  English  measures. 


to 

Temperature 
Fahrenheit 
Observed. 

Temperature 
Fahrenheit 
Calculated. 

c 

o 

s 

Pressure. 

Temperature 
Fahrenheit 
Observed. 

Temperature 
Fahrenheit 
Calculated. 

CO 

O 

a 

lbs.  persq.  in 

Deg. 

Deg. 

lbs.  persq. in. 

I>eg. 

Deg. 

23 

235-43 

235  83 

—-40 

69 

291-42 

290-75 

+  67 

24 

237.75 

238-07 

—-32 

60 

292-51 

291-84 

+  -67 

25 

240- 

240-24 

—-24 

65 

297-77 

297-08 

+-69 

26 

24216 

242  34 

—•18 

70 

302-71 

302-01 

+  -70 

+  -71 

27 

244-16 

244-39 

—-13 

75 

307-38 

306-67 

28 

246-32 

246-37 

—-05 

80 

311-83 

311-10 

+  -68 

29 

248-30 

248-30 

equal 

85 

310- 

315-32 

30 

250-23 

250-17 

+•06 

90 

320-03 

319-35 

+•68 

+•65 

31 

252  09 

252-01 

+  -08 

95 

323-87 

323-22 

32 

253-94 

253-81 

+.13 

100 

327-56 

326-92 

+-64 

+  -61 

33 

255-70 

255-63 

+-17 

105 

31^,1-10 

330-49 

34 

257-47 

257-23 

+  -24 

110 

334-51 

333-92 

+  -59 

35 

259-15 

258-90 

+  -25 

115 

337-84 

337-24 

+  -60 

30 

200-83 

260-52 

+  -31 

120 

340  99 

340-44 

+-55 

37 

262-44 

26211 

+  -33 

125 

344-06 

343-54 

+  52 

38 

264-04 

263-67 

+  -37 

130 

347-05 

346-55 

+  ■50 

39 

265-68 

265-20 

+-38 

135 

349-93 

349-47 

+  -46 

40 

267-12 

266-70 

+•42 

140 

352-76 

352-30 

+  -46 

41 

268-60 

268-16 

+  -44 

145 

355 -6 

355-06 

+  -54 

42 

270-07 

269-60 

+  -47 

150 

858-3 

357-75 

+  -55 

43 

271-50 

271-02 

+•48 

160 

.36.3-4 

362-91 

+  •49 

44 

272-91 

272-40 

+  •51 

170 

368-2 

367-84 

+  -36 

45 

274-30 

273-77 

+  -53 

180 

372-9 

372-55 

+  -36 

46 

275-65 

275-11 

+-54 

190 

377-5 

377-04 

+-46 

47 

276-99 

276-42 

+  -57 

200 

381-8 

381-37 

+  •43 

48 

278-30 

277-72 

+  -58 

210 

386- 

385-52 

+  •48 

49 

279-59 

279- 

+-59 

220 

389-9 

389-52 

+  -38 

60 

280-85 

280-25 

+  -60 

230 

393-8 

393-39 

+  -41 

61 

28209 

281-49 

+  -60 

240 

397-6 

397-13 

+  •37 

62 

283-32 

282-70 

+  -62 

250 

401-1 

400-75 

+  ■35 

53 

284-53 

283-90 

+  -63 

260 

404-5 

404-26 

+  •24 

64 

285-73 

285-08 

+  -65 

270 

407-9 

407-07 

+  -23 

55 

286-90 

286-25 

+  -65 

280 

411-2 

410-97 

+  -23 

66 

288-05 

287-40 

+  •65 

290 

414-4 

414-19 

+  -21 

57 

289  19 

288-53 

+-66 

300 

417-5 

417-32 

+  -18 

68 

290-31 

289-65 

+  -66 

It  will  be  observed  that  the  discrepancies  between  the  formula  and 
M.  Regnault's  table  are  not  confirmed  by  Dr.  Fairbairn's  experiments. 
For  example,  with  the  pressure  56  lbs.  in  Regnault's  table,  we  have 
a  difference  between  that  table  and  the  formula  of  H-*65,  whereas  be- 
tween Fairbairn's  table  for  the  pressure  56-7  lbs.  and  the  formula,  we 
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have  a  diflTcrence  of  only  -f'05,  and  the  like  is  observable  with  respect 
to  Fairbairn's  pressure  of  CO-G  lbs.,  and  Kegnault's  pressure  of  GO  lbs. 
so  that  it  is  probable  the  apparent  discrepancy  which  gradually  in- 
creases up  to  -\--lZ  and  then  diminishes  again  between  the  formula  and 
Kegnault's  table,  does  not  really  exist. 

The  following  table  is  given  in  The  Artizan  for  October,  1803,  p. 
210,  the  third  and  fourth  columns  being  calculated  by  the  present 
writer  as  before. 


Pressure. 

Mr.  Birckel's 
Temperature. 

Temperature 
Calculated. 

Differences. 

lbs.  per  sq.  in. 

Deg. 

Deg. 

24-54 

239 

239-255 

—•255 

28-83 

248 

247-970 

+  024 

33-71 

257 

250-745 

^•205 

3'J-25 

260 

205  574 

_t--426 

45-41) 

275 

274-420 

-^•574 

52-52 

284 

283-33 

a  -67 

GiJ-40 

293 

292-27 

-•73 

GO-21 

302 

301-25 

^-•75 

7y-03 

311 

310  204 

-t--736 

89-80 

320 

319-24 

-f-76 

101 -'JO 

329 

328-285 

-f-715 

115-10 

338 

.337-3 

-L-7 

12!»-80 

347 

340-43 

4- -57 

145-80 

356 

355-5 

-f-5 

103 -30 

865 

304-504 

+  •4.36 

182-40 

374 

373-03 

-t^-37 

203-3 

383 

382-75 

+  •25 

225-'J 

392 

391-82 

+  •18 

This  table,  by  Mr.  J.  J.  Birckel,  agrees  very  nearly  with  M.  Keg- 
nault's. 

In  the  November  number  of  The  Artizan^  Mr.  Macquorn  Kankine, 
F.K.S.,  publishes  a  paper  "On  the  Expansive  Energy  of  Heated 
Water,"  in  which  he  gives  a  table,  which  we  (juote  from  ;  and  which, 
in  its  first  part,  consists  of  some  of  the  identical  figures  just  given  under 
the  name  of  Mr.  J.  J.  Birckel. 


Initial  absolute 
Pressure. 

Initial 
Temperature 
Pahrenheit. 

Initial 

Temp<Tiiture 

Fahrenheit 

Calculated. 

Ditleronoo?. 

ft)8.  per  sq.  in. 

28  83 

52-52 

89-80 
145-8 
225-9 
330-3 

Deg. 
248 
284 
320 
350 
892 
428 
about 
2300 

Deg. 

247-970 
283-33 
31924 
355-5 
391 -82 
428  05 
729.032  lbs. 
or  325  7  tons. 

-  •0-24 

-  ••■7 

—  -70 

—  •.'> 
--  -18 
— UG 
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The  foregoing  is  Mr.  Macquorn  Rankine's  table — the  last  two  col- 
umns being  added  in  the  usual  manner  by  the  present  ^vriter. 

(Tt»  be  Continued. _) 


Artificial  Light  and  Lighting  3Iaterials.    By  B.  H.  Paul,  Esq. 

rrom  the  Journal  of  the  Society  of  Arts,  Ko.  593. 

The  use  of  artificial  light  being  one  of  those  appliances  which  belong 
to  an  advanced  state  of  civilization,  it  has  naturally  undergone  that 
kind  of  progressive  development  which  is  characteristic  of  such  arts. 
There  has  been,  within  the  last  100  years,  not  only  an  immense  im- 
provement in  the  methods  of  obtaining  artificial  light,  but  also  an  equally 
important  change  in  the  sources  whence  lighting  materials  have  been 
derived. 

Towards  the  end  of  the  last  century  the  only  materials  used  for 
lifhting  were  animal  fats,  such  as  tallow  and  fish  oils,  the  former  being 
used  as  candles,  the  latter  burnt  in  lamps.  Improvements  were,  from 
time  to  time,  made  in  the  preparation  of  these  materials,  by  the  intro- 
duction of  new  substances,  and  also  in  methods  of  using  them ;  but  those 
improvements,  though  highly  advantageous,  sink  into  insignificance 
Avhen  compared  with  the  introduction  of  coal  gas  as  a  lighting  material. 
In  towns,  the  use  of  gas  soon  prevailed  over  the  use  of  other  lighting 
materials,  but  in  the  country,  and  especially  in  remote  places,  candles 
and  lamps  still  continue  to  be  largely  used.  The  advantages  of  gas 
are  indeed  of  such  a  nature  as  to  require  a  thickly  populated  town  or 
district  in  order  to  be  fully  realized. 

One  of  the  materials  formerly  used  for  lighting,  to  a  small  extent 
and  in  a  few  localities,  was  petroleum;  and  some  years  before  the  in- 
troduction of  gas,  attempts  were  made  to  prepare  artificial  petroleum 
from  various  bituminous  minerals,  in  order  to  use  it  as  a  source  of 
light.  These  attempts  Avere  progressing  fairly,  when  the  discovery 
that  the  inflammable  gas  obtainable  from  coal  by  heat,  could  be  used 
for  lifTliting  purposes,  was  made  known  by  Murdoch,  and  this  new  me- 
thod of  lighting  became,  for  a  time,  almost  the  sole  object  of  attention 
in  regard  to  artificial  light.  The  manufacture  of  artificial  petroleum 
was,  however,  continued  to  some  extent,  in  a  few  places,  where  cir- 
cumstances were  unfavorable  for  the  introduction  of  gas-lighting. 
About  the  year  1830  works  were  established  in  France  for  this  pur- 
pose, and  have  continued  in  operation  to  this  day.  Somewhat  later, 
other  works  were  started  in  other  parts  of  the  continent  as  well  as  in 
this  country;  about  the  year  1853,  the  earth  oil  of  Rangoon  was  ex- 
amined by  Mr.  Warren  De  La  Rue  and  Hugo  Miiller,  with  a  view  to 
its  application  for  lighting  purposes,  and  about  the  year  1860,  the  ex- 
traordinarily abundant  supplies  of  petroleum  in  America  became  the 
object  of  special  interest  as  materials  for  lighting. 

Chemical  Nature  of  Hydro-carhon  Oils  used  for  Lighting. — It  is 
mainly  to  the  products  of  natural  and  artificial  materials,  known  under 
the  various  names  of  photogen,  paraflin  oil,  &c.,  that  I  now  beg  to  re- 
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quest  your  attention.  ^Ylletllcr  these  materials  be  of  natural  or  arti- 
ficial origin,  they  all  appear  to  agree  in  possessing  the  same  general 
character,  and  in  being  of  the  same  chemical  nature.  The  chemical 
liistory  of  these  materials  is  still  very  incomplete;  but  according  to  the 
results  of  the  best  chemical  investigations,  they  appear  to  consist,  for 
the  most  part,  of  mixtures  of  a  considerable  number  of  hydro-carbons, 
"which  difier  from  each  other  by  small  degrees  in  physical  character  and 
chemical  compositions,  but  at  the  sume  time  present  a  general  analogy 
among  each  other,  and  witli  the*  ga3(*ous  hydro-carbon  known  aa  mar.>*h 
gas.  'JMiis  substance  constitutes  the  initial  an<l  typical  member  of  the 
suric'S,  while  the  other  extremity  of  tiie  series,  are  solid  hydro-carbons, 
resembling  wax  or  spermaceti  in  appearance,  constituting  a  number 
of  substances  known  to  chemists  under  the  collective  name  of  paraffin. 
Between  these  two  extriMues  there  are  a  great  number  of  other  sub- 
stances, solid,  liquid  and  gaseous,  some  of  which  have  been  separated 
and  examined  ;  otliers  have  not  yet  been  obtained  in  an  isolated  state. 

In  addition  to  the  hydro-carbons  above  enumerated,  some  others, 
bcloiiL'itig  to  other  chemical  series,  have  been  detected,  in  smaller  and 
varying  proportions,  both  in  the  various  kinds  of  natural  petroleum, 
and  in  the  tarry  oils  obtained  by  distilling  bituminous  minerals,  peat, 
wood,  &c.,  at  a  temperature  not  exceeiling  dull  redness.  These  latter 
also  contain  a  considerable  proportion  of  oxygenated  oils,  which  par- 
take in  general  of  the  nature  of  creosote.  In  the  natural  petroleum 
the  aiiKJunt  of  these  oxygenated  oils  is  very  much  smaller,  and  it  is 
only  in  some  few  instances  that  their  presence  has  been  recognised 
"witli  any  degree  of  certainty.  IJotii  in  the  natural  petroleum  and 
in  the  oils  obtained  by  destructive  distillation,  there  is  always  more  or 
less  of  a  kind  of  pitchy  substance  in  solution,  which  gives  to  these 
rn{uids  their  characteristic  black  and  tarry  appearance,  and  there  are 
likewise  small  ([uantities  of  strong  smelling  substances,  to  which  the 
peculiar  and  generally  offensive  smell  of  these  materials  is  due. 

Origin  of  Natiirdl  ITijdro-Carhon  Materials. — The  very  intimate 
chemical  relation  between  native  petroleum  and  the  oily  products  of 
dry  distillation,  is  highly  interesting  from  the  probability  which  it  ap- 
pears to  suggest,  that  these  materials,  wliether  natural  or  artificial, 
have  a  common,  or  at  least,  a  closely  analogous  origin.  The  close 
resemblance  between  petroleum  and  the  oily  products  of  dry  distilla- 
tion has  long  been  recognised,  and  the  actual  identity  of  a  great 
many  of  their  several  constituents  which  has  been  only  recently  ascer- 
tained, is  but  a  more  detailed  elucidation  of  the  obvious  analogy  be- 
tween these  materials,  tniided  by  this  analogy,  many  naturalists  havo 
come  to  the  conclusion  that  petroleum,  in  the  various  states  in  which 
it  is  met  with,  is  the  product  of  a  kind  of  natural  distillation  tliat  has 
taken  place,  or  may  be  still  going  on,  in  the  interior  of  the  earth, 

Whether  or  not  this  speculation  be  strictly  correct,  it  undoubtedlv 
presents  a  high  degree  of  probability.  All  organic  substances  which 
are  not  themselves  volatile,  such  as  wood,  Uesli,  and  other  vegetable 
and  animal  substances,  yield  when  subjected  to  the  influence  of  heat 
below  dull  redness,  tarry  oils,  which  have  in  all  cases  the  same  gene- 
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ral  character  and  similarity  to  petroleum  ;  differing  only  according  to 
the  specific  differences  in  the  materials  from  which  they  may  have  been 
obtained. 

The  various  kind  of  bituminous  minerals  met  with  chiefly  in  the  coal 
measures,  and  to  some  extent  in  other  geological  situations,  also  yield, 
under  similar  conditions,  oily  products  of  the  same  general  character. 
This  fact  at  once  becomes  intelligible  when  it  is  remembered  that  the 
bituminous  portion  of  the  minerals  from  which  such  products  are  ob- 
tainable, has  originated  from  the  same  kind  of  vegetable  and  animal 
substances  that  are  now  met  with  in  nature.  Hence,  whether  it  be 
supposed  that  natural  petroleum  has  been  produced  by  an  actual  dis- 
tillation of  bituminous  minerals,  or  by  some  other  process,  difierent, 
and  slower  in  its  operation,  though  effecting  the  same  result  as  distilla- 
tion, it  is  not  the  less  evident  that  the  ultimate  sources  of  the  mine- 
rals which  serve  for  the  manufacture  of  those  lighting  materials  to 
which  I  am  now  referring,  are  in  all  cases  the  same — namely,  organic 
substances,  and  those,  in  all  probability,  for  the  most  part  of  vegetable 
origin. 

Ttiere  is,  however,  an  important  difference  between  these  bituminous 
minerials  and  unaltered  organic  substances,  in  regard  to  their  fitness 
for  yielding  by  distillation  such  products  as  are  suitable  for  the  manu- 
facture of  hydro-carbon  lighting  materials.  This  is  the  difference  that 
exists  between  the  composition  of  unaltered  organic  substances  and 
the  composition  of  those  remains  of  organic  substances  belonging  to 
former  epochs,  which  constitute  the  bituminous  portion  of  the  mine- 
rals to  whose  formation  they  have  partly  contributed. 

Taking,  for  the  sake  of  illustration,  dry  wood  as  representing  the 
composition  of  the  organic  substances,  which  are  the  primary  sources 
of  bituminous  minerals,  and  comparing  it  with  the  average  composi- 
tion of  the  bituminous  portion  of  coal,  it  appears  that  for  a  given  per 
centage  of  hydrogen  the  relative  amounts  of  carbon  and  oxygen  are 
widely  different. 

Carbon, 

Hydrogen, 
Oxygon, 

100-00         100.00 

This  diflFerence  arises  from  the  alteration  the  organic  substances 
have  undergone  during  their  passage  into  that  bituminous  portion  of 
minerals  by  which  they  are  now  represented.  This  alteration  con- 
sists in  a  progressive  elimination  of  the  oxygen,  either  as  water  or 
carbonic  acid  or  both,  and  the  consequent  concentration  of  carbon, 
as  may  be  seen  from  the  following  representation  of  this  change  : — 

Composi-  Coraposi-  Kesidue.  Composition  Eesidue. 

tion  of  tion  of  of 

wood.  water.  carbonic  acid. 

Carbon,         50-00  50-00  —        6        =  4400 

Hydrogen,     5*55      —          1      =  4-55                                            4-55 

Oxygen,       44-45      —         8     =  36-45  —      16        =  20-45 

100-00    —        9      =  91-00        —      22        =        69-00 


Wood. 

Coal. 

50-00 

88-15 

5-55 

5-26 

44-45 

6-59 
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Tliis  cliaTi;»e  is  aruilogous  to  that  wliich  takes  place  in  decayinr;  or- 
ganic substances,  and  is,  in  fact,  a  slow  carbonization.  Its  effect  is 
of  considerable  importance  as  regards  the  artificial  production  of  hy- 
dro-carbons for  lif^liting  purposes,  inasmuch  as  the  value  of  any  mate- 
rial for  this  purpose  increases  with  the  increase  in  the  amount  of  l«y- 
dro;»en,  and  the  decrease  in  the  amount  of  oxygen  they  contain.  It  is 
on  account  of  the  large  amount  of  oxygen  in  wood  an<i  peat,  as  com- 
pared with  coal,  that  those  materials  are  less  suitable  for  the  manufac- 
ture either  of  ilhiniiiiating  gas  or  hydro-carbon  oils.  In  the  former  case 
the  gas  produced  from  them  contains  such  a  large  amount  of  carbonic 
acid,  that  its  illuminating  power  is  very  slight,  atid  in  the  latter  case, 
the  oils  produced  by  distillation,  are  contaminated  with  oxygenated 
oils  and  resinous  substances,  which  render  their  purification  more 
troublesome  than  that  of  the  oils  obtainable  from  bituminouB  minerals, 
in  whicli  the  amount  of  oxygen  remaining  is  so  much  less. 

liUt  there  is  aiiother  feature  in  this  alteration  of  the  organic  sub- 
fitances  from  which  the  bituminous  portion  of  the  minerals  in  question 
has  originated.  I5y  referring  to  tlie  above  comparison  between  the 
composition  of  wooil  and  that  of  coal,  it  will  be  seen  that  not  only  has 
the  oxygen  been,  to  a  great  extent,  eliminated,  but  there  h:»3  been  an 
alteration  in  the  ratio  existing  between  the  hydrogen  and  carbon.  In- 
stead of  being,  as  in  the  case  of  wood,  in  the  ratio  of  1  hydrogen  to 
0  carbon,  it  is  in  coal  in  the  ratio  of  1  hydrogen  to  17  carbon.  This 
circumstance  is  indicative  of  the  separation,  during  the  change  that 
lias  taken  place  in  the  conversion  of  decaying  organic  remains  into 
the  constituent  bituminous  minerals,  of  a  compound  of  carbon  and  hy- 
drogen, such,  for  instance,  as  marsh  gas. 

This  gus,  consisting  of  carbon  and  hydrogen  in  the  ratio  of  3  to  1, 
is  always  produced  in  putrefaction,  and  by  the  action  of  heat  upon  or- 
ganic substances.  It  also  occurs  naturally  in  connexion  with  the  coal 
measures,  constituting,  together  with  small  quantities  of  ulefiant  gas 
and  nitrogen,  the  main  portion  of  the  fire-damp  of  coal  mines.  Carbonic 
acid  gas  is  also  of  frequent  occurrence  in  the  coal  mines.  These  facts, 
together  with  the  close  chemical  relationship  between  marsh  gas  and 
the  various  constituents  of  petroleum,  all  agree  in  adding  to  the  pro- 
baliility  of  a  very  close  connexion  between  bituinini>us  materials  and 
the  various  kintls  of  petrol<Mim  ;  a  connexion  of  sueh  a  nature,  in  all 
])robability,  that  they  should  be  regarded  as  a  simultaneous  origin,  in 
the  same  way  that  the  carburctted  hydrogen  or  marsh  gas  of  coal 
mines,  has  most  likely  originated,  not  from  the  decomposition  of  coal 
itself,  but  conjointly  with  coal,  by  the  progressive  alteration  of  the 
organic  remains  whence  it  and  other  bituminous  minerals  have  been 
foniied. 

Exhalations  of  marsh  gas  almost  always  accompany  the  discharge 
of  petroleum  from  natural  springs,  and  in  most  of  the  American  petro- 
leum it  is  possible  to  recognise  the  presence  of  small  portions  of  the 
other  substances,  ranging  next  to  marsh  gas  in  the  above  series,  and 
gaseous  under  ordinary  conditions  of  temperature  and  pressure. 
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Characters  of  Hydro- Carbon  Lamp  Oils. — In  the  absence  of  any 
important  difference  between  those  constituents  of  natural  petroleum 
and  of  the  oils  obtained  by  distilling  bituminous  minerals,  which  are 
capable  of  being  employed  as  lighting  materials,  it  will  be  unnecessary 
to  draw  any  special  distinction  between  the  oils  manufactured  for  that 
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purpose  from  difTerent  materials  ;  and,  in  considering  the  characters 
which  are  rerjuisite  in  these  products,  tlicy  need  he  contrasted  only  in 
regard  to  certain  minor  details,  that  are  more  consequences  of  the 
methods  of  manufacture  practised,  than  of  any  more  essential  difference. 

By  examining  the  tahular  statement  of  the  composition  and  char- 
acters of  the  various  substances  constituting  both  petroleum  and  the 
so-called  coal  or  shale  oils,  and  considering  what  are  the  conditions 
under  which  the  oils  prepared  from  these  materials  are  to  be  used  for 
lighting  purposes,  W  will  be  evident  that  there  is  only  a  portion  either 
of  the  natural  or  artificial  material  that  is  applicable  as  oil  for  burn- 
ing in  lamps. 

Leaving  out  of  consideration  the  first  four  members  of  the  series, 
which  arc  gaseous  at  ordinary  temperatures,  it  will  be  seen  that  the 
remaining  members  of  the  series,  which  are  liquid  at  ordinary  tem- 
peratures, gradually  increase  in  specific  gravity,  varying  in  tliis  respect 
to  the  extent  of  G|  pounds  per  gallon  to  about  8J  pounds  per  gallon. 
Beyond  this  latter  point  the  other  members  of  the  series  are  solids, 
and  come  under  the  general  denomination  of  paraffin. 

Another  important  point  of  difference  consists  in  the  boiling  point 
of  the  individual  members  of  the  series.  This  varies  from  87°  Fahr. 
to  upwards  of  G00°  Fahr.  It  is  to  this  character  that  attention  re- 
quires to  be  chiefly  directed  in  regard  to  the  degree  of  safety  with 
which  these  substances  can  be  used  for  burning  in  lamps.  I  say  the 
deyree  of  safety,  because  I  am  far  from  being  disposed  to  agree  with 
the  opinion  that  has  been  put  forward  that  the  use  of  any  of  these  sub- 
stances is  necessarily  attended  with  danger.  On  the  contrary,  I  am 
strongly  inclined  to  think  that  all  or  any  of  them  may  be  used  with- 
out any  necessary  risk  being  incurred.  Of  course,  due  precautions 
must  be  observed  in  the  use  of  these  substances,  and  those  precautions 
must  be  greater  than  are  requisite  in  the  case  of  the  oils  that  were 
formerly  used  as  lighting  materials,  viz :  the  fat  oils  obtained  from 
animals,  fish,  and  plants,  llydro-carbon  oils  arc,  by  their  nature, 
much  more  combustible  than  fat  oils,  at  the  same  time  that  they  pos- 
sess higher  illuminating  power,  and  it  would  be  by  no  means  prudent 
to  deal  with  the  one  in  the  same  manner  as  with  the  other. 

The  outcry  that  has  been  raised  against  the  dangerous  character  of 
hydro-carbon  oils  is,  however,  in  no  degree  more  deserving  of  rej^pect 
than  that  which  was  raised  on  the  same  visionary  ground  when  the 
use  of  gas  was  first  introduced.  All  that  is  really  necessary  to  avoid 
accident  with  the  hydro-carbon  oils  is,  that  those  who  use  them  should 
be  properly  instructed  as  to  the  way  in  which  they  should  be  stored 
and  used.  By  this  means  it  will  be  far  more  likely  that  the  desired 
result  of  preventing  accident  may  be  secured,  than  by  exciting  a  vague 
and  unreasonable  apprehension  of  danger. 

In  regard  to  the  safety  of  hydrocarbon  oil  used  for  burning  in 
lamps,  the  main  consideration  is  its  capability  of  giving  off  vapor 
spontaneously  at  the  ordinary  temperature,  or  when  the  oil  becomes 
slightly  warmed.  In  regard  to  this  character  the  various  liquid  mem- 
bers of  the  substances  given  in  the  table  differ  considerably.     Taking 
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the  first  of  those  that  are  liquid  at  the  ordinary  temperature,  it  will 
be  seen  that  its  boiling  point,  which  is  the  thermometric  indication  of 
its  degree  of  volatility,  is  86°  Fahr.,  a  temperature  so  little  above 
that  which  may  exist  in  a  room  where  lamps  are  used,  that  it  would 
be  very  objectionable  to  use  such  a  liquid  as  a  lighting  material  in 
that  way.  The  temperatures  given  in  the  table  as  the  boiling  points 
of  the  individual  oils  are  not  by  any  means  the  lowest  temperatures 
at  which  they  evolve  vapor,  and  for  this  reason,  if  we  fix  80°  or  90° 
Fahr.  as  the  highest  temperature  to  which  the  oil  in  a  lamp  is  capable 
of  being  raised,  even  in  an  extreme  case,  the  boiling  point  of  a  liquid 
that  would  be  suitable  for  burning  in  lamps,  under  such  conditions, 
ought  not  to  be  less  than  200"  Fahr.  above  that  temperature. 

With  the  lamps  noAV  generally  in  use  for  burning  hydro-carbon  oils, 
it  would  be  only  under  very  exceptional  and  improbable  circumstances 
that  the  oil  in  the  lamp  could  become  heated  to  a  temperature  so  high 
as  80°  Fahr.,  and  even  then  some  of  the  more  volatile  portions  of 
these  oils,  boiling  at  100°  Fahr.,  might  be  burnt  without  any  danger. 

But  the  hydro-carbon  lamp  oils  are  never  distinct  substances  in  a 
chemical  sense,  like  the  several  substances  whose  characters  are  de- 
scribed in  the  above  table.  They  arc  always  mere  mixtures  of  a 
number  of  those  substances,  and  consequently  they  do  not  present 
any  constant  point  of  ebullition,  while  the  specific  gravity  and  other 
characters  are  the  mean  of  those  appertaining  to  the  several  sub- 
stances present  in  the  mixture,  and  that  mean  also  varies  according 
to  the  relative  proportions  of  the  mixed  substances. 

The  absolute  separation  of  these  substances  is,  indeed,  a  matter 
almost  of  impossibility,  and,  so  far  as  relates  to  their  practical  applica- 
tion, not  by  any  means  requisite.  It  is,  however,  essential  that  in 
preparing  hydro-carbon  oil  for  use  in  lamps,  the  manufacture  should 
be  conducted  in  such  a  manner  as  to  secure  the  separation  of  the 
more  volatile  portions,  to  such  an  extent,  that  the  oil,  when  finished, 
may  be  heated  to  100°  Fahr.  witliout  taking  fire  when  the  flame  of  a 
match  is  brought  into  contact  with  its  surface  in  an  open  vessel  such 
as  a  saucer.  Oil  that  will  bear  this  test  is,  I  believe,  perfectly  safe 
for  all  reasonable  use  ;  and  I  am  of  opinion  that  this  simple  test  is  by 
far  the  best  criterion  of  the  proper  character  of  such  oils.  While,  of 
the  oils  constituting  petroleum  and  coal  oil,  those  which  have  a  boil- 
ing point  below  280°  Fahr.  would  be  too  volatile  for  ordinary  use  in 
lamps ;  on  the  other  hand,  those  which  have  a  boiling  point  above 
600°  Fahr.  are  also  unfit  for  this  purpose,  but  for  very  different  rea- 
sons. It  has  commonly  been  supposed  that  the  reason  why  these 
latter  oils  do  not  burn  well  in  the  ordinary  lamps  is,  that  they  are  too 
thick,  and  have  not  sufiicicnt  capillarity  to  rise  in  the  wick  and  feed 
the  flame.  I  am  disposed  to  think  that  this  view  is  erroneous,  and  am 
more  inclined  to  the  opinion  that  their  defects,  as  lamp-oils,  are  to  be 
ascribed  rather  to  the  high  temperature  requisite  for  their  volatiliza- 
tion, and  also  to  the  greater  density  of  their  vapor.  The  chief  difii- 
culty  that  is  experienced  in  the  use  of  these  oils  of  high  boiling  point, 


Jlriifidal  Light  and  Lighting  Materials.  131 

which  are  generally  known  as  heavy  oils,  is  the  charring  of  the  lamp 
wicks,  and  the  small  flame  they  give. 

By  reference  to  the  table  it  will  be  seen  that  the  oil  which  has  a 
boiling  point  of  527°  Fahr.,  affords  a  vapor  that  is  twice  as  dense  as 
that  of  the  oil  boiling  at  24o*^  Fahr.,  or,  in  other  words,  a  given  weight 
of  the  former  oil  occupies  in  the  state  of  vapor  only  half  the  bulk  of 
an  equal  weight  of  the  latter  also  in  a  state  of  vapor.  This  circum- 
stance alone  will,  to  a  great  extent,  account  for  the  smaller  flame  of 
the  heavier  oils  as  compared  with  that  of  tiie  more  volatile  oils,  whose 
vapors  are  less  dense.  Then,  in  proportion  as  the  volatility  of  the  oils 
decreases,  or  as  the  temperature  requisite  for  their  volatilization  in- 
creases, at  the  same  time  a  greater  degree  of  heat  is  necessary  to  effect 
that  decomposition  of  the  vapor  into  gas,  which  is  an  essential  step  in 
their  combustion  for  lighting  purposes.  The  temperature  necessary 
to  effect  these  changes  is  so  high,  that  at  the  same  time  the  wick  itself 
gradually  becomes  charred  and  incapable  of  exercising  tliat  capillary 
action  by  which  the  flame  can  be  fed  with  oil.  In  addition  to  these 
circumstances,  it  must  also  be  remembered  that  in  proportion  as  the 
density  of  the  oil  vapor  increases,  so  does  the  amount  of  carbon  in  tho 
vapor  increase,  and,  at  the  same  time,  there  is  a  proportionate  increase, 
both  in  the  heating  power  and  the  illuminating  power  of  equal  volumes 
of  the  vapor.  Consequently,  in  using  heavy  oil  of  high  boiling  point 
in  a  lamp,  the  result  is  that  a  very  small,  intensely  hot  and  highly 
luminous  flame  is  produced  at  first,  and  after  a  very  short  time  the 
wick  becomes  charred  and  incrusted  with  the  surplus  carbon,  separated 
in  the  flame,  to  such  an  extent  that  it  soon  begins  to  decrease  in  size 
and  to  lose  brilliancy. 

It  appears,  therefore,  that  the  oils  at  either  extremity  of  the  scries 
are  equally  unfit  for  use  in  the  ordinary  hydro-carbon  oil  lamps,  liut 
in  practice  it  never  happens  that  any  one  of  the  several  substances 
described  in  tho  table  is  used  for  lighting  purposes.  It  is  alwavs  a 
mixture  of  a  number  of  them  that  is  used.  Still,  the  facts  that  I'have 
just  pointed  out  in  regard  to  the  extreme  cases,  exercise  their  influence 
in  the  same  manner  with  regard  to  this  mixture.  On  the  one  hand, 
it  must  not  contain  any  such  amount  of  the  more  volatile  members  of 
the  series,  as  will  confer  upon  the  mixture  the  propert}'  of  givin<'  off 
inflammable  vapor  when  heated  to  100^  Fahr.,  or  enable  it  to  become 
permanently  inflammed  when  brought  in  contact  with  a  lighted  match 
while  at  that  temperature.  On  the  other  hand  this  mixture  must  not 
contain  such  a  proportion  of  the  heavier  and  less  volatile  oils,  as  would 
render  the  vapor  forming  the  flame  too  dense  and  too  highly  carbon- 
aceous, and  necessitate  too  high  a  temperature  for  that  decomposition 
of  the  vapor  which  is  essential  to  the  production  of  light. 

The  due  proportion  of  these  various  conditions  is  secured  in  practice 
by  collecting  the  oils  during  distillation-in  fractional  portions :  that 
which  distils  over  first  containing  the  oils  that  are  too  volatile  for  use 
in  lamps;  the  second  portion  that  distils  over  being  the  burning  oil, 
and  the  third  portion  containing  the  heavy  oils  and  paraflin. 

The  precise  points  at  which  this  separation  of  the  oil  into  these 
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three  portions,  takes  place,  "will  depend  very  much  upon  the  nature  of 
the  material  operated  upon.  In  this  respect  there  are  great  differ- 
ences in  the  various  materials  now  used  as  sources  of  these  lighting 
oils.  American  petroleum  generally  requires  the  separation  of  some 
20  or  25  per  cent,  of  its  bulk,  which  is  too  volatile  for  use  in  lamps. 
Canadian  petroleum  does  not  require  more  than  10  per  cent,  to  be 
separated  on  this  account.  Coal  and  shale  oils  also  vary  much  in  this 
respect,  according  to  the  material  they  are  produced  from,  and  the 
temperature  at  which  the  crude  oil  is  distilled  from  the  coal  or  shale. 
As  a  general  rule,  the  crude  oil  of  coal  or  shale  contains  a  greater 
amount  of  the  volatile  oils,  the  lower  the  temperature  those  materials 
are  distilled  at.  This,  however,  is  not  a  disadvantage,  since  the  amount 
of  crude  oil  obtainable  is  greater,  the  lower  the  temperature  of  the 
distillation.  Generally  speaking,  coal  or  shale  oil  does  not  require 
that  more  than  5  to  15  per  cent,  of  the  bulk  should  be  separated  as 
too  volatile  to  be  mixed  with  the  burning  oil. 

At  the  other  extreme  there  are  also  differences  between  petroleum 
and  coal  or  shale  oils.  The  burning  oils  manufactured  from  the  latter 
sources,  as  generally  met  with,  have  a  specific  gravity  of  about  0*825, 
while  the  specific  gravity  of  those  made  from  petroleum  is  rarely  above 
0-800,  and  sometimes  as  low  as  0*780. 

I  do  not  believe  there  is  any  really  sufficient  reason  why  there  should 
be  this  difference  in  the  case  of  petroleum,  Avhich,  as  I  shall  afterwards 
point  out,  involves  a  serious  disadvantage  as  regards  its  illuminating 
power  as  compared  with  that  of  coal  oil.  The  manufacture  of  these 
commodities,  however,  is  still  carried  on  so  much  more  by  mere  rule 
of  thumb,  that  under  the  guidance  of  sound  principles  based  upon 
knowledge  of  the  materials  dealt  with,  that  defects  of  this  kind  cannot 
be  wondered  at,  and  it  will  probably  be  some  long  time  before  these 
processes  come  to  be  carried  on  in  such  a  way  as  to  secure  the  best 
results  both  to  the  producer  and  the  consumer. 

(To  be  Conlinucil.) 


The  Magnesian  Light. 

From  the  London  Cliemical  News,  Np.  227. 

Photographers  are  indebted  to  the  perseverance  of  M.  Sonstadt  for 
the  removal  of  a  great  obstacle.  Every  one  knows  the  difficulty  which 
has  hitherto  been  experienced  in  getting  a  powerful  actinic  artificial 
light.  Such  a  light  is,  however,  furnished  by  the  combustion  of  the 
metal  magnesium,  and,  thanks  to  M.  Sonstadt,  this  metal  is  now  pro- 
curable at  a  price  which  makes  it  available  for  practical  purposes. 

Magnesium  is  an  easily  inflammable  metal.  A  wire  of  considerable 
thickness  can  be  ignited  in  the  flame  of  a  candle,  and  the  light  evolved  by 
the  combustion  is  of  great  intensity.  It  has  been  ascertained  that  a  wire  of 
0*297  millimetre  diameter  will  give  as  much  light  as  twenty-four  stearine 
candles  of  five  to  the  pound.  The  powerfully  actinic  character  of  the  light 
has  been  recently  demonstrated  by  Mr.  Brothers,  of  Manchester  and  Mr. 
Sydney  Smith,  both  of  whom  have  produced  good  pictures  by  its  use. 
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The  metal  is  neither  ductile  nor  verj  malleable.  It  cannot  be  drawn 
but  by  employing  a  method  devised  by  Dr.  Matthiesen  ;  it  can  be  forceJ 
in  a  softened  stale  through  a  small  opening  in  an  iron  cylinder,  and 
thus  strands  of  wire  of  considerable  length  can  be  formed.  The  wire  has 
been  found  to  burn  more  sttadily  when  three  or  four  strands  are  twist- 
ed into  a  rope;  and  a  simple  clock-work  arrangement  will  deliver  such 
a  rope  to  a  spirit  or  oil  lamp,  in  the  flame  of  which  it  may  be  burned. 

We  look  for  important  results  from  the  use  of  this  light.  The  oppor- 
tunities for  its  use  are  numerous;  and  we  may  expect  our  collections 
to  be  soon  enriched  with  pictures  of  objects  hitherto  shut  out  from 
photographers. 

Some  are  talking  widely  of  "night  pictures,"  as  though  they  ex- 
pected, by  means  of  magnesium,  to  obtain  a  picture  of  the  gloomy 
eflects  of  midnight  on  a  scene.  The  principal  use  of  the  light  will,  of 
course,  be  for  dark  interiors;  and  we  hope  soon  to  see  tlie  magnificent 
grottoes  of  Adelsberg  and  Antiparos — which  the  j)encil  is  as  powerless 
to  draw  as  the  unaided  camera  to  depict — revealed  as  brightly  as  the 
caverns  in  the  glaciers,  so  well  known  to  photographers.  Another 
Frith  may  also  show  us  the  wonderful  passages  in  the  interior  of  the 
Pyramids  more  clearly  than  they  have  ever  been  seen  by  the  traveler 
with  the  help  of  the  two  or  three  candles  which  light  his  way  through 
the  dark  laity rintli,  and  enable  us  at  our  own  fire-sides  to  gaze  with  awe 
on  the  vast  range  of  subterranean  tombs  at  Serapeum.  All  these  and 
many  more  objects  are  now  open  to  an  enterprising  man,  who  will  no 
doubt  soon  be  found  to  avail  himself  of  them. 


On  the  Double-cylinder  Expansive  Steam  Engine.  By  Mr.  Wm.  Pole. 

Kroni  Newtou's  l^oiulon  Journal  of  ArtK,  Auguft,  Mi'S. 

The  greatest  advances  made  in  the  improvement  of  the  steam  engine, 
as  an  econouiical  means  of  obtaining  motive  power,  have  resulted  from 
the  application  of  the  principle  of  expansion,  the  advantages  of  which 
are  now  well  known  and  universally  appreciated  among  engineers. 
This  principle  has  hitherto  been  applied  to  the  greatest  advantage  in 
engines  with  a  single  cylinder,  used  for  pumping  purposes,  as  in  Corn- 
wall. In  these  cases,  the  peculiar  nature  of  the  motion  admits  of  the 
steam  being  cut  off  after  a  small  fraction  of  the  stroke  has  been  passed 
over,  and  allowed  to  expand  during  the  remainder.  When,  however, 
the  principle  of  expansion  is  applied  in  this  mode  to  engines  for  pro- 
ducing rotary  motion,  some  difficulties  arise,  which  limit  considerably 
the  extent  that  the  expansion  may  be  carried  to,  and  therefore  reduce 
in  a  corresponding  degree  the  economy  attained. 

The  double-cylinder  engine  offers  a  mode  of  applying  the  expansive 
principle  to  a  rotary  motion,  which  removes,  or,  at  least  greatly  mi- 
tigates, the  objections  to  the  single-cylinder:  and  it  is  the  object  of 
the  present  paper  to  state  the  nature  of  the  advantages  of  the  double- 
cylinder  engine,  to  explain  the  principles  on  which  they  are  based,  anJ 
to  show  how  these  principles  have  been  carried  out  in  pactice  with 
satisfactory  results. 
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The  original  invention  of  the  double-cylinder  engine  is  intimately 
connected  with  the  discovery  and  first  application  of  the  principle  of 
expansion  itself;  but  the  unfortunate  disputes  which  for  a  long  time 
prevailed  in  reference  to  this  subject  have  somewhat  obscured  the 
history.  Having  had  occasion,  however,  some  years  ago,  to  investigate 
the  matter,  the  author  believes  the  following  account  represents  the 
facts  as  accurately  as  they  can  be  ascertained. 

The  double-cylinder  engine  was  invented  by  Jonathan  Hornblower, 
a  mechanical  engineer  of  considerable  eminence  in  Cornwall,  who  took 
an  important  part  in  the  application  of  the  steam  engine  in  that  district, 
during  the  early  part  of  Watt's  career.     The  idea  appears  to  have 
occurred  to  him  early  in  the  year  1776,  if  not  before.     He  experi- 
mented upon  a  large  working  model,  the  cylinders  of  which  were  11 
and  14  inches  in  diameter  respectively;  and  he  published  his  invention 
in  1781,  describing  it  as  consisting  in  the  employment  of  two  steam 
cylinders, — the  steam  after  it  had  acted  in  the  first  cylinder,  being 
employed  a  second  time  in  the  other,  by  permitting  it  to  expand  itself; 
the  two  cylinders  being  connected  together  by  suitable  steam  ports 
and  valves.    At  the  sazne  time,  he  described  also,  shortly  but  clearly, 
several  other  inventions  relating  to  the  steam  engine.     One  referring 
to  surface  condensing,  which  is  so  much  applied  in  modern  days  ; 
others  to  means  of  getting  rid  of  the  air  and  condensing  water;  and 
another  invention  was  a  steam  piston,  which,  altered  into  a  steam 
stuffing-box,  is  in  common  use  at  the  present  time.     Here,  therefore, 
was  clearly  developed  the  theoretical  principle,  as  well  as  the  practical 
application  of  the  expansion  of  steam;  and  it  is  beyond  dispute,  that 
the  first  publication  of  the  principle  to  the  world  was  this  of  Horn- 
blower's.     The  discovery  of  this  principle,  however,  is  usually  ascribed 
to  Watt,  on  the  strength  of  a  letter  written  by  him  to  his  friend  Dr. 
Small,  of  Birmingham,  as  early  as  17G9, — twelve  years  before  Horn- 
blower  published  his  description  ;  in  that  letter  Watt  gives  a  clear 
and  explicit  description  of  the  general  principle  of  expansion.     Not- 
withstanding, however,  the  large  practice  Watt  had  about  this  time, 
it  docs  not  appear  that  he  ever  applied  expansion  with  any  view  to 
economy  in  its  use  till  177G,  when  an  engine  at  the  Soho  works  was 
altered  to  work  expansively.   In  1778,  another  engine,  at  Shadwell  was 
experimented  upon;  and  Watt  published  his  invention  with  reference 
to  expansion  in  1782,  eight  months  after  the  publication  of  Horn- 
blower's.     The    over- zealous    friends  of  Watt,  who,  in  a   spirit    so 
contrary  to  that  of  the  great  man  himself,  have  sought  to  exalt  his 
fame  at  the  expense  of  another's,  have  charged    Hornblower  with 
pirating  the  principle,  from  surreptitious  information  of  Watt's  experi- 
ments; but  no  proof  was  ever  given  of  the. accusation.     It  is  not  only 
highly  improbable  in  itself,  but  is  altogether  negatived  by  the  fact  that 
t'ne  originality  of  the  invention  on  Hornblower's  part  was  expressly 
admitted  by  Watt  himself.     It  may  therefore  be  concluded  that  the 
discovery  of  the  expansive  use  of  steam — one  of  the  most  important 
and  valuable  principles  in  the  whole  range  of  practical  science — was 
original  both  with  Watt  and  Hornblower  ;  and,  although  Watt  has 
esiablished  the  priority  of  the  idea,  the  first  publication  of  it  to  the 
■R'orld  was  made  by  Hornblower  in  the  double-cylinder  engine. 
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After  somp  y<'ars  of  <]el;iy.  Ilornblower  procecle'l  to  manufacture  his 
cnj^ines  in  (Cornwall ;  atul  tli«'  miners,  perceiving  that  the  douhle-cyliu- 
(ler  en{^ine  acted  tolerably  well,  took  advantage  of  it  somewhat  lar^^ely; 
:ind  in  some  cases  endeavore*!  to  make  it  supersede  Watt's  single- 
cylinder  expansive  engine,  which  had  also  then  been  brought  exten- 
sively into  use.  l^ut  a.s  it  was  impossible  to  make  Ilornblowcr's  engine 
■work  well,  without  using  Walt's  separate  condenser,  invented  in  ITOy, 
the  competition  could  not  be  kept  up,  and  the  double-cylinder  engine 
consef|ueTitly  for  a  time  fell  into  disuse. 

IJotli  Watt  and  llornblower  ha«l  failed  to  perceive  that,  to  work  the 
principle  of  expansion  to  its  full  advantage,  it  was  necessary  that  the 
steam  should  be  a<lmitte<I  to  the  cylinder,  in  the  first  instance,  at  con- 
8i<lerablc  pressure.  Down  to  the  year  1814.  the  pressure  of  the  steam 
in  the  Cornish  engines  never  much  exceeded  that  of  the  atmosphere  ; 
and  so  little  economy  resulte<l  in  practice  from  the  application  of 
expansion  with  this  initial  pressure,  that  it  was  found  scarcely  worth 
using  at  all;  indeed,  after  Watt's  immediate  connexion  with  the  dis- 
trict ceased,  cx[)ansion  was  rapidly  becoming  disuse<l  and  forgotton. 
'J'lie  merit  of  rescuing  it  from  this  neglect  belongs  to  two  Cornish  men — 
Iticliard  Trevithick  and  Arthur  Woolf — who,  both  about  the  same  time, 
introduced  into  their  native  district  the  true  means  of  ailvantageous 
expansion,  namely,  the  use  of  high  pressure  steam.  Trevithick  applied 
thisto  Watt's  single-cylinder  engine;  Woolf  applied  it  to  Ilornblowcr's 
double-cylinder  engine.  The  two  forms  of  engines  thus  fur  the  second 
time  became  rivals,  and  competed  well  with  each  other  for  many  years; 
but  it  isonly  with  Wof)irs  modification  that  the  author  is  now  concerned. 

Woolf  published  his  invention  in  1804,  while  residing  in  London. 
It  consisteil  simply  in  the  ajiplication  of  high-pressure  steam  to  Horn- 
blower's  double-cylinder  engine,  which  he  also  made  double-acting,  to 
fit  it  for  rotary  motion,  after  the  example  set  by  Watt  long  before.  It 
is  obvious,  therefore,  that  the  name  "Woolfs  engine,"  by  which  it  is 
80  ofterj  designated,  is  quite  erroneous.  The  engine  is  entirely  and 
solely  Hornblower's  invention,  and  there  is  no  more  ground  for  calling 
it  Woolfs  than  for  calling  the  present  Cornish  engine  Trevithirk's  : 
for  Trevithick  made  the  same  change  with  this  latter  engine  that  Woolf 
<lid  with  the  former,  yet  no  one  would,  on  that  account,  think  of  dis- 
connecting Watt's  name  from  his  own  engine  ;  and  on  the  same 
ground  llornblower  ought  not  to  be  deprivetl  of  the  credit  which  the 
association  of  his  name  with  his  own  invention  should  secure  to  him. 
Woolfs  ideas  respecting  the  laws  of  the  expansion  of  high-pressure 
steam  were  very  crude,  and  it  is  tlitficult  to  conceive  how  a  man  of  such 
excellent  practical  kno\vle<lge  could  have  deluiletl  himself  into  the 
belief  of  theories  so  palpably  absurd  as  those  he  laid  down,  upon  which 
he  based  his  statements  as  to  the  proposed  advantage  to  be  derive»l 
from  the  use  of  high-pressure  steam.  But,  although  ho  was  so  essen- 
tially in  error  on  points  of  theory,  he  was  not  wrong  in  foretelling 
that  much  advantage  might  ultimately  be  gained  by  tlie  use  he  pro- 
posed to  make  of  high-])ressure  steam  ;  as  was  jiroved  beyond  a  doubt 
when  his  engines  came  to  be  fairly  tried.     His  strong  point  waa,  skill 
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in  mechanical  detail ;  and  bis  improvements  of  the  engine  in  this 
respect  were  almost  innumerable,  for  there  was  scarcely  a  single  part 
vrbich  did  not  receive  some  beneficial  alteration  at  his  hands.  Woolfs 
first  engine  was  erected  in  1806,  at  Meux's  brewery,  in  London,  to 
which  establishment  he  was  engineer,  and  subsequently  others  were 
fixed  in  various  manufactories ;  but  these  did  little  more  than  serve 
him  as  experiments,  until  1813,  when  he  returned  to  reside  in  Corn- 
wall. Here  he  found  a  wide  field  open  for  his  improvements  ;  he 
entered  in  earnest  into  the  manufacture  of  the  engines,  and  they  were 
highly  successful.  The  new  doctrine  of  high-pressure  steam  produced 
quite  a  revolution  in  the  consumption  of  fuel  there  ;  for  he  at  once 
raised  the  duty  from  about  20  millions,  at  which  Watt  had  left  it  (that 
is,  20  million  ibs.  raised  one  foot  high  with  the  consumption  of  one 
bushel,  or  94  ibs.  of  coal),  to  between  50  and  60  millions,  thereby 
saving  two-thirds  of  the  fuel  employed. 

But  though  AVoolf  was  so  successful,  the  Cornish  engineers  shortly 
began  to  see  that  Trevithick's  plan  of  using  high-pressure  steam  ex- 
pansively in  the  single-cylinder  engine  promised  equally  good  results 
•with  Woolfs,  and  at  the  same  time  got  rid  of  the  objectionable  com- 
plexity of  the  double-cylinder  arrangement.  Trials  on  a  large  scale, 
in  which  even  Woolf  himself  was  persuaded  to  assist,  soon  demon- 
strated this  to  be  true.  The  more  expensive  construction  began  to  be 
abandoned  in  the  mines,  and  the  Cornish  engine  gradually  settled  down 
into  its  simplest  form,  namely,  a  single  engine  on  Boulton  &  Watt's 
construction,  but  with  Trevithick's  high-pressure  steam  and  high-pres- 
sure boiler ;  which  form  it  has  retained  to  the  present  day.  Thus, 
although  the  double-cylinder  engine  was  the  first  in  which  the  principle 
of  expansion  was  originally  introduced  to  the  world,  and  about  thirty 
years  afterwards  was  also  the  first  in  which  this  principle  was  made 
effective  and  advantageous,  yet,  in  both  cases,  it  was  ultimately  super- 
seded by  the  more  simple  form  of  engine. 

It  remains  now  to  give  some  account  of  the  third  era  of  prominence 
attained  by  the  double-cylinder  engine,  in  its  revival  at  the  present 
day.  In  this  revival  many  modern  engineers  have  aided  ;  but  the 
author  considers  it  the  safest  course  to  confine  himself  to  the  statement 
of  his  own  experience,  leaving  it  to  others  to  give  an  account  of  what 
they  may  have  done. 

In  1848  the  Lambeth  Waterworks  Company,  on  the  advice  of  their 
engineer,  Mr.  James  Simpson,  took  the  bold  measure  of  proposing  to 
remove  their  source  of  supply  to  the  banks  of  the  Thames  at  Long 
Ditton,  above  the  tide  way ;  and,  as  a  part  of  this  scheme,  it  became 
necessary  to  force  the  water,  by  steam-pumping  power,  along  a  cast 
iron  main,  9  miles  long  and  30  inches  diameter,  from  the  source  to  the 
reservoirs  at  Brixton  Hill.  This  problem  was  a  difficult  one,  no 
experience  on  so  great  a  length  of  large  main  having  then  been 
obtained.  The  great  mass  of  water  in  motion  along  the  main,  com- 
bined with  the  fragile  nature  of  the  cast  iron,  rendered  it  essential  that 
the  motion  should  go  on  in  the  most  equable  manner,  and  that  concus- 
sions or  irregularities  of  pressure  should  be  as  much  as  possible  avoid- 
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ed,  otherwise  frequont  fracture  of  pipes,  fraught  with  serious  con- 
sequences to  the  district  tliey  passed  through,  might  be  looked  upon 
as  ahnost  certain.  At  the  same  time,  from  the  large  steam  power 
rcijuired,  it  became  necessary  that  all  possible  improvements  in  regard 
to  economy  of  fuel  should  be  adoptetl.  At  that  time  the  Cornij-h  single- 
cylinder  expansive  engine,  which  had  been  introduced  into  London  by 
Mr.  Wicksteed,  had  been  somewhat  extensively  tried  for  waterworks 
purposes,  and  had  justified  its  well  known  Cornish  reputatii>n  for 
economy  ;  but  as  grave  objections  appeare<l  to  present  themselves  to 
its  use  in  this  case,  on  account  of  the  irregularity  of  the  single  action, 
it  was  determined  to  ascertain  whether  the  other  form  of  expansive 
engine,  the  double-cylinder,  would  not  prove  more  applicable  ;  and 
since  the  importance  of  the  case  required  the  most  careful  considera- 
tion, the  author  was  commissioned,  in  conjunction  with  Mr.  Davi<l 
'J'JKjinpson,  to  investigate  the  subject  geiM'rally,  with  a  view  to  the 
advantajjeous  attainment  of  the  desired  econotnv. 

In  conmiencing  this  investigation  it  was  found  that  the  double- 
cylinder  engine  had  already  been  to  some  extent  revived,  and  that 
modern  examples  of  it,  some  of  considerable  size,  were  working  in 
various  parts  of  the  country.  These  were  visite<l,  and  their  action 
carefully  examined  ;  but  it  did  not  satisfactorily  appear  that  any  engines 
then  met  with  were  sufliciently  favorable  instances  of  the  application 
of  the  expansive  principle.  The  expansion  had  not  been  carried  to 
a  sulhcient  extent  to  produce  great  economy,  nor  arranged  in  the 
best  manner  to  attain  equality  of  motion  ;  and  the  arrangement  of 
the  valves  and  passages  were  generally  so  defective  as  to  cause  great 
loss  of  power  and  Wiiste  of  fuel.  Notwithst:in(ling  these  unfavorable 
results,  however,  an  attentive  study  of  the  principles  of  the  engine  led 
to  the  conclusion  that,  with  a  well-considered  design  carefully  carried 
out  into  practice,  the  double-cylinder  arrangement  promised  not  only 
to  be  eminently  suited  to  the  case  in  question,  but  also  generally  to 
oiler  a  more  beneficial  application  of  the  principle  of  expansion  to 
engines  of  rotary  motion  than  could  be  attained  with  a  single-cylin<ler. 
In  accordance  with  these  views,  when  the  Lambeth  Waterworks 
Extension  scheme  was  carried  into  effect,  four  large  double-cylinder 
engines  were  designed  of  GUO  total  horse  power,  the  working  of  which 
has  fully  justified  the  exjiectations  entertained  of  their  advantages  ; 
their  use  has  been  spee<lily  and  largely  extended  to  other  cases;  ami 
the  soundness  of  the  principle  on  wliich  they  Avere  constructed  may 
now  be  said  to  have  been  fully  proved. 

The  general  theory  of  the  double-cylinder  engine  is  so  well  known, 
that  it  is  unnecessary  to  repeat  it  here:  the  author  proposes,  therefore, 
to  confine  his  remarks  to  such  points  as  are  of  interest  and  importance 
in  elucidating  the  advantages  of  this  form  of  enuine. 

h\  the  first  place,  in  comparing  the  double  with  the  single-cylinder 
engine,  it  is  a  mistake  to  suppose  that  there  is  any  theoretical  advan- 
tage on  either  the  one  side  or  the  other,  in  regaril  to  the  economical 
etKet  of  the  expansion.  It  was  shown  by  Watt,  in  an  ingenious  way, 
ut  a  very  early  period,  and  it  is  demonstrated  in  au  appendix  to  thia 
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paper,  that  theoretically,  if  the  steam  be  expanded  to  the  same  extent, 
the  economical  advantage  to  be  derived  from  the  expansion  will  be  pre- 
cisely the  same,  which  ever  form  of  engine  be  adopted  for  the  applica- 
tion. And  it  further  results  from  the  principles  of  the  engine,  that,  for 
a  given  initial  pressure  of  steam  and  a  given  degree  of  expansion,  the 
power  of  the  engine,  measured  by  the  work  it  will  do  in  each  stroke, 
depends  on  the  size  of  the  large  cylinder  only,  and  is  precisely  the 
same  as  that  produced  in  a  single  expansive  cylinder  of  the  same  con- 
tent. The  small  cylinder  has  no  effect  in  adding  power,  but  is  merely 
an  appendage,  useful  only  for  modifying  the  arrangement  of  the  expan- 
sion and  equalizing  the  steam's  action  during  the  stroke. 

The  important  objection,  however,  against  carrying  expansion  to  any 
great  extent  in  a  single-cylinder  for  rotary  motion,  is  the  great  irregu- 
larity of  pressure  at  difierent  parts  of  the  stroke.  For  example,  if  the 
steam  be  expanded  in  a  single-cylinder  to  six  times  its  original  volume, 
by  cutting  it  off  when  one-sixth  of  the  stroke  has  been  passed  over, 
the  motive  force  acting  on  the  piston  will  be  six  times  as  great  at  the 
commencement  of  the  stroke  as  at  the  end. 

It  is  evident  that  the  effect  of  the  great  excess  of  pressure  will  be  to 
give  a  heavy  blow  to  the  piston  at  the  beginning  of  every  stroke,  which 
must  produce  violent  concussions  through  the  whole  of  the  machinery; 
and  tend  to  produce  much  mischief  and  inconvenience  in  the  working. 
In  proportion  as  a  greater  degree  of  expansion  is  used,  the  evil  will  be 
greater.  For  example,  if  ten  times  expansion  be  used,  the  force  of  the 
blow  at  the  commencement  will  be  303,  while  the  mean  pressure  in 
the  cylinder  is  still  only  100,  as  before.  For  this  reason  in  single- 
cylinder  engines  it  has  been  found  difficult  to  carry  the  degree  of 
expansion,  and  the  consequent  economy,  to  the  same  extent  with  the 
rotary  as  with  the  single  acting  pumping  engines.  In  the  latter,  the 
piston  and  all  its  connexions  are  free  to  move  under  the  action  of  the 
steaoi  pressure;  and  therefore  the  excess  of  pressure  at  the  commence- 
ment of  the  stroke  is  at  once  absorbed  in  giving  velocity  to  the  mass, 
and  does  no  further  harm.  But  in  a  rotary  engine,  the  piston  being 
controlled  in  its  motion  by  the  crank  and  fly-wheel,  resist  the  violent 
impact,  which  occurs  at  the  point  when  it  is  least  able  to  give  way; 
and  the  consequence  must  inevitably  be  a  violent  strain,  repeated  many 
times  every  minute,  which  must  ultimately  have  a  prejudicial  effect 
upon  the  machinery.  The  advantage  of  the  double-cylinder  engine  is, 
that  it  mitigates  this  evil;  for  when  its  piinciples  are  properly  under- 
Stood  and  applied,  it  enables  the  economical  benefit  of  a  high  degree  of 
expansion  to  be  obtained  with  much  less  irregularity  of  pressure  than 
in  the  single-cylinder. 

In  the  original  double-cylinder  engines  of  Hornblower  and  Woolf, 
the  steam  was  allowed  to  act  first  in  the  small  cylinder,  at  full  pres- 
sure, throughout  the  whole  of  its  length,  and  then  to  expand  into  the 
larger  one ;  the  proportionate  cubic  content  or  the  two  cylinders  thus 
defining  the  degree  of  expansion  made  use  of:  and,  it  is  believed,  that 
this  method  of  working  was  that  most  commonly  used  down  to  the 
time  of  the  investigations  already  referred  to  in  1848.  But  an  inquiry 
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into  the  principles  of  action  of  tlie  engine,  shows  that  it  is  roost  ail- 
visable  not  to  allow  the  Bteain  to  enter  the  small  cylinder  during  the 
whole  stroke,  hut  to  cut  it  off  after  a  certain  portion  of  the  stroke 
has  been  pa.ssicd  over,  and  to  allow  the  expansion  to  commence  at  that 
point.  And  it  is  an  important  fact,  whicli  the  autiior  b<dieves  not  to 
have  been  known  until  [juhlinhed  by  himself  ami  Mr.  Thompson,  in 
18ol,  that  there  is  a  certain  point  of  tlie  stroke,  depending  on  the 
degree  of  expansion  made  use  of,  at  which  it  is  more  advantageous 
to  eut  ofl*  the  steam  than  at  any  other;  for  the  reason  that  the  irre- 
gularity in  the  motive  power,  which  it  is  so  desirable  to  mitigate,  is 
then  reduced  to  a  minimum. 

For  example,  if  the  mean  motive  power  of  the  engine  be  repre- 
sented by  lUU,  and  the  extent  of  expansion  adopted  be  six  times, 
then,  in  a  single-cylinder  engine,  the  initial  blow  at  the  piston  at 
the  commencemerjt  of  the  stroke,  as  previously  statetl,  will  be  repre- 
sented by  11').  in  a  dDuble-cylinder  engine,  if  the  steam  is  allowed 
to  enter  during  the  wIkjIc  of  the  stroke  of  the  small  cylinder,  the 
initial  blow  will  be  the  same  in  amount  as  in  the  single-cylinder 
engine,  namely,  215;  the  duration  of  the  blow,  however,  is  only  mo- 
inentry,  as  compared  with  the  first  example,  where  it  continues  through 
one-sixth  of  the  stroke.  Uut  if  the  steam  is  cut  off  in  the  small  cylin- 
der at  41  per  cent,  of  the  stroke,  the  initial  blow  is  reduced  to  only 
14U  :  and  tiiis  is  the  minimum  blow  that  can  be  obtained  with  the  expan- 
sion of  six  times;  for  on  cutting  off  earlier,  at  I'.J  per  cent,  of  the 
etrcike,  the  initial  blow  is  increased  again  to  IGl. 

It  thus  appears  that,  as  regards  a  degree  of  expansion  of  six  times, 
if  this  expansion  be  effected  in  a  single-eylindcr,  the  machinery  of  the 
en"ine  will  have  to  bear  a  sudden  blow  at  the  coiumencement  of  tho 
Stroke,  as  much  as  116  per  cent,  greater  than  the  mean  force  due  to  tho 
effective  power  of  the  engine.  Next,  if  a  double-cylinder  engine  be 
employed,  and  the  steam  be  allowed  to  enter  during  the  whole  stroke 
of  the  small  cylinder,  but  little  improvement  is  effected:  the  blow  at 
the  commencement  is  as  great  as  in  the  single-cylinder,  only  lasting  w 
shorter  time.  But  if  the  same  engine  be  so  arranged  that  the  steam 
id  cut  off  in  the  small  cyliinler  at  the  proper  point  of  th6  stroke,  tho 
initial  blow  may  be  reduced  from  Ho  per  cent,  to  only  40  per  cent,  ia 
excess  of  the  mean  force  ;  and  thus  a  real  and  most  beneficial  improve- 
ment may  be  effected  in  the  action  of  the  engine.  This  most  advan- 
tageous point  of  the  stroke  for  cutting  off,  the  author  determined  by 
calculation,  in  an  appendex  to  his  paper,  which  showed  that  it  varies 
with  tho  extent  of  expansion  adopted  in  the  engine. 

The  following  Table  sIjows  the  best  point  of  cut  off  under  variom 
degrees  of  expansion,  with  corresponding  results  in  the  double-cylinder 
and  single-cylinder  engines.     The  first  column  gives  the  '  f 

times  the  steam  is  to  be  ex|»anded;  the  second  shows  the   p  j'' 

of  the  stroke  at  which  the  steam  will  best  be  cut  off  in  the  small  cylin- 
der ;  the  third,  the  corresponding  proportionate  area  of  the  small  cylin- 
der in  percentage  of  the  large  one,  the  length  of  stroke  being  the 
same  in  both;  and  the  two  la^t  columns  show  the  comparative  advaa- 
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tage  of  the  double  over  the  single-cylinder  engine,  in  respect  to  the 
excess  of  the  initial  blow  over  the  mean  motive  force.  The  calculation 
of  these  results  is  explained  in  detail  in  the  appendix. 

Table,  showing  best  point  of  mt  off  in  douhle-eyUnder  engine  with  different  degrees  of 
exjmnsion,  and  comparative  initial  blow  in  double  and  single  cylinder  engines. 


Number  of  times 

steam 

is   expanded. 

Best  Point  of 

Cut  off"  in 

small  cylinder. 

Percentage  of 

stroke. 

Capacity  of 
small  cylinder 
in  percentage  of 
large  cylinder. 

Comparative  Initial  Blow ; 
the  mean  motive  force  beinglOO 

Double  cylinder 
engine. 

Single-cylin- 
der engine. 

4  times 

6  times 

8  times 

10  times 

Per  cent. 
50 

41 

35 

32 

Per  cent. 
50 

41 

35 

32 

126 
140 
151 
101 

1G8 
215 
200 
303 

A  comparison  of  the  two  last  columns  shows  that,  for  a  high  degree 
of  expansion,  such  as  eight  or  ten  times,  the  excess  of  the  initial  blow 
over  the  mean  force  of  100  is  less  than  one-third  as  great  in  the  double- 
cylinder  as  in  the  single-cylinder  engine.  It  is  clear,  that  the  amount 
of  this  initial  blow  is  the  maximum  strain  on  the  whole  of  tlie  machi- 
nery, by  which  the  steam  power  is  transmitted  from  the  piston  to  the 
fly-wheel,  and  it,  consequently,  determines  the  strength  of  the  various 
parts  necessary  to  resist  this  strain.  Hence,  in  proportion  as  the 
initial  blow  can  be  reduced,  all  these  moving  par^s  are  required  to  be 
less  massive  in  construction  ;  and  all  are  subject  to  much  less  violent 
causes  of  fracture  and  derangement  in  their  working. 

Another  point  of  improvement,  to  which  the  attention  of  the  author 
and  Mr.  Thompson  was  prominently  directed,  was  the  arrangement  of 
the  valves  and  steam  passages  in  the  double-cylinder  engine.  In  the 
engines  they  had  the  opportunity  of  examining,  the  system  of  valves 
commonly  used  was  not  only  complicated,  inconvenient,  and  expensive 
in  construction,  but  also  wasteful  in  action ;  the  great  size  and  disadvan- 
tageous arrangements  of  the  passages  caused  considerable  waste  of 
steam,  and  consequent  loss  of  power  and  fuel.  There  is  a  pecularity 
in  the  double-cylinder  engine,  in  its  requiring  a  pipe  or  passage  of  some 
kind,  through  which  the  steam  must  travel,  from  one  end  of  the  small 
cylinder  to  the  opposite  end  of  the  large  one  ;  and  this  passage  should 
evidently  be  as  small  in  content  as  possible,  consistently  with  allowing 
the  free  passage  of  the  steam.  When  the.  communication  is  opened 
at  the  end  of  the  stroke,  the  steam,  passing  from  the  small  cylinder, 
has  to  expand  and  fill  this  passage  before  it  enters  the  large  cylinder; 
and  if  the  passage  be  large,  the  steam  must  necessarily  suffer  a  reduc- 
tion of  pressure  in  so  doing,  which  must  seriously  diminish  its  effective 
action  on  the  large  piston  during  the  future  stroke,  and  so  cause  much 
loss.     In  some  engines,  the  author  found  this  loss  so  great  as  to  waste 
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nearly  half  the  power  of  the  engine ;  and  even  in  the  beat  that  were 
examined,  such  a  conxiderable  percentage  of  loss  occurred,  as  almost  to 
neutralize  the  benefit  of  expansion  altogether. 

Much  attention  was  therefore  given  to  this  point  in  designing  the 
new  engines  ;  and  it  was  found  ef^sential  to  the  success  of  the  engines 
that  Rome  arrangement  of  viilves  should  be  ad<»pte<l  which  should  j^iitisfy 
the  following  conditions  :  first,  that  they  should  be  of  the  simplest  pos- 
sible chriracter,  and  free  from  liability  to  derangement;  second,  that 
they  should  admit  of  the  steam  being  cut  off  from  the  small  cylinder 
at  such  a  point  ns  might  be  necessary  to  secure  the  re'|uired  regularity 
in  the  motive  power  of  the  engine  ;  and,  third,  that  they  should  give 
the  clearance  spaces  the  smallest  content  possible,  ami,  in  particular, 
should  allow  the  passage  between  the  two  cylinders  to  be  direct  and 
unimpeded,  and  of  no  larger  capacity  than  was  absolutely  necessary 
for  the  passage  of  the  steam.  It  was  further  found  conducive  to 
economy  that  the  passage  between  the  two  cylinders  should,  if  possible, 
never  be  opened  either  to  the  high-pressure  steam  or  to  the  condenser, 
and  should,  moreover,  be  carefully  protected  from  cooling. 

A  construction  of  valve  was  accordingly  introduced  which  combined 
all  these  conditions,  and  was  found  in  its  practical  working  to  be  very 
satisfactory. 

Proc.  I  oat.  lUeli.  Eaglaeer*. 

Gun  Cotton — Important  Application. 

From  iIk-  L<jnil<>n  MlninR  Ji>un»l,  Nu.  liU). 

At  the  Royal  Institution,  on  Fritluy  evening,  the  13th  inst..  the  recent 
im[)rovements  in  ( Jun  Cotton  again  formed  the  subjert  brought  to  notice, 
the  lecturer  on  the  occasion  being  Mr.  Scott  Russell.  In  the  previous 
lecture  on  the  subject,  by  Mr.  Abel,  the  chemical  history  of  gun  cotton, 
and  the  nature  of  the  improvements  in  its  manufacture  recently  made 
in  Austria,  were  more  especially  dwelt  on;  while  Mr.  Russell  princi- 
])!illy  directed  attention  to  its  use.  He  stated  that  at  a  late  meeting 
of  the  British  Association  a  committee  was  appointed,  of  which  he  was 
a  member,  to  investigate  the  nature  of  the  great  improvements  wlr.cli 
it  was  known  had  been  made  in  Austria  on  gun  cotton  by  General  Li  ur, 
hut  which  were  there  kept  a  profound  secret  by  the  Austrian  Govern- 
ment. One  of  the  first  things  the  committee  did  was  to  write  to  General 
Leu/.,  to  request  him  to  come  ovornn«i  ae(|uaint  the  committee  in  what 
his  inijir<»vements  consisted.  This  impudent  recjuest — as  Mr.  Rm>-'  11 
aihuitted  it  to  have  been — excited  a  commotion  in  Vienna,  hut  the  young 
Emperor,  against  the  advice  of  his  counsellors,  consented  to  allow  the 
secret  to  be  known,  and  Gen.  Lena  came  to  this  country,  and  informed 
the  committee  what  it  was.  The  object  to  be  accomplishe*!  in  the  manu- 
facture of  gun  cotton,  to  render  it  applicable,  was  t(»  diminish  the 
rapidity  of  its  combu>tion.  and  its  lialulity  to  accidental  explosion. 
These  objects  have  been  fully  accomplished,  as  was  previously  stated 
by  Mr.  Abel,  principally  by  spinning  the  cotton  itito  yarn  before  it 
undergoes  the  process  of  conversion  into  gun  cotton  ;  and  it  was  shown 
by  that  gentleman  that  by  mechanical  alteration  of  the  structure  of 
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the  cotton  fibre  alone  the  explosive  material  may  be  placed  under  com- 
plete control,  and  that,  as  he  said,  you  may  do  what  you  like  with  it. 
What  can  be  done  with  gun  cotton,  and  what  cannot  be  done  with  it, 
and  its  merits,  compared  with  gunpowder,  as  an  explosive  agent,  were 
explained  and  illustrated  by  Mr.  Scott  Russell,  who,  though  he  com- 
menced by  mentioning  some  points  of  objection  to  gun  cotton,  finally 
removed  them,  and  represented  it  to  be  in  every  respect  superior  to  gun- 
poioder,  and  to  be  capable  of  producing  far  more  destructive  effects. 

As  an  illustration  of  the  different  degrees  of  rapidity  of  combustion 
attainable  with  gun  cotton,  he  first  ignited  a  thick  yarn  of  the  sub- 
stance that  was  suspended  round  the  gallery  of  the  lecture-room,  which 
burned  along  at  the  rate  of  about  one  foot  in  a  second.  He  next  took 
a  pipe  about  a  yard  long,  which  flashed  off  in  half  a  second;  and  an- 
other of  similar  length,  of  the  most  explosive  kind,  exploded  instanta- 
neously. A  remarkable  property  of  gun  cotton,  which  constitutes  an 
immense  advantage  in  its  use  compared  with  gunpowder,  is  that  it 
leaves  no  products  of  combustion  behind  and  produces  very  little  smoke. 
Another  important  advantage  is,  that  it  is  not  injured  by  moisture, 
and  it  may  be  wetted  and  dried  again  without  impairing  its  power. 
This  was  shown  by  immersing  a  piece  of  gun  cotton  yarn  in  water, 
which  was  then  squeezed  out,  and,  though  still  damp,  the  outer  surface 
rapidly  ignited,  and  when  the  remainder  was  squeezed  the  cotton  again 
ignited.  This  property  is  a  great  safeguard  in  the  manufacture  of  gun 
cotton,  for  all  the  processes  may  be  conducted  under  water,  and  it  is 
afterwards  dried.  For  ordinary  practical  purposes  the  rapidity  of  its 
explosion  is  reduced  to  an  equality  with  that  of  gunpowder,  in  which 
state  1  ib.  propels  a  projectile  from  a  cannon  with  the  same  velocity 
as  3  lbs.  of  gunpowder.  The  recoil  of  the'cannon  when  gun  cotton  is 
used  is  only  two-thirds  the  amount  of  recoil  with  gunpowder ;  there  is 
no  fouling  of  the  gun,  which  remains  also  comparatively  cool;  and  the 
absence  of  smoke  enables  the  gunners  to  continue  firing  in  casemated 
batteries  and  between  the  decks  of  ships  without  annoyance.  As  an 
explosive  agent,  gun  cotton  possesses  some  remarkable  pecularities,  the 
causes  of  which  have  not  yet  been  ascertained.  A  piece  of  loose  gun 
cotton  fired  on  a  balanced  scale  produces  depression,  the  whole  force 
going  off  into  the  atmosphere  Avithout  any  recoil.  But  if  the  gun  cot- 
ton be  enclosed  in  a  box  or  barrel,  its  explosive  force  in  all  directions 
is  much  greater  than  that  of  gunpowder.  Some  important  experiments 
on  a  large  scale  have  been  tried  with  gun  cotton  made  by  a  manufac- 
turer of  the  substance  in  Suffolk.  A  pallisade  was  formed  Avith  the 
trunks  of  a  number  of  large  trees  fixed  in  the  ground  close  together, 
and  a  small  box  filled  with  gun  cotton  Avas  exploded  near  them.  A 
large  gap  was  instantly  made,  the  trees  having  been  cut  asunder  quite 
straight,  though  at  the  top  of  the  fractures  the  wood  Avas  splintered 
into  matches.  Its  destructive  effect  was  tried  on  tAvo  wooden  bridges, 
which  were  completely  splintered  ;  but  the  most  important  experiment 
■was  the  blowing  up  of  a  ship  of  400  tons  burthen  by  means  of  40  ibs. 
of  gun  cotton  enclosed  in  a  barrel  and  placed  under  Avater  at  a  distance 
of  20  ft.     The  ship,  it  was  stated,  Avas  completely  blown  to  pieces. 
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The  explosive  force  of  pun  cotton  wln-n  npplie<l  to  mining  opcrationg 
is  eijually  cfFcctlvc.  At  the  Clay  Cross  Collierifi*  it  has  been  fouml 
that  a  blast  with  1  oz.  of  gun  cotton  will  remove  from  ^<)  to  80  cubic 
feet  of  coal,  atnl  it  has  been  apfditd  at  the  slate  rjuarries  in  North 
AValcn  with  fipjal  success.  It  is  a  great  advantage  in  using  gun  cotton 
in  mining  or  tunneling  that  the  work  is  not  impt-ilcil  by  tmokc,  which 
is  a  serious  inconvenience  when  blasting  with  gunpowder. 

Mr.  Scott  UuKscU  attributed  the  remarkable  diminution  of  recoil  in 
explosions  of  gun  cotton  to  the  absence  of  solid  matter  in  the  products 
of  combustion.  In  gunpowder  the  solid  refuse  amounts  to  about  (30  per 
cetit.  of  the  weight  of  the  powder,  and  the  eflort  rei|uire<I  to  blow  away 
this  "rubbish,''  he  considers,  produces  the  additional  amount  of  recoil. 
Jn  gun  cotton,  on  the  contrary,  there  is  scarcely  any  s(did  refuse,  -5 
per  cent,  of  the  products  of  cond)ustion  consisting  of  water;  antl  he 
conceives  that  the  exjtansion  of  this  water  into  red-hot  steam  by  the 
ignited  gases  during  their  explosion  is  a  main  cause  of  the  great  ex- 
plosive force  of  gun  cotton.  Mr.  Kussell  ventured  also  to  speculate 
that  the  lower  degree  of  heat  causi'(l  by  the  exj»luaion  of  gun  cotton 
may  be  owing  to  the  subsequent  condensation  of  the  steam  into  water. 
lie  admitted,  however,  that  the  causes  of  these  and  of  other  peculiar 
properties  of  gun  cotten  are  involved  in  «loubt,  which  he  hoped  the 
further  investigations  of  the  citmrnittee  of  the  Hrili^h  A-  :i  wnuld 

leMiovc.     He  also  mentioned  that  a  eonmiission  had  l-  _  _      nted  by 

the  (Jovcrnment  to  consider  the  application  of  gun  cotton  to  artillery. 


ConveTsion  of  Suit  Meal  into  Fresh:  a  further  application  of  Dialysis^ 
hy  A.  A.  WiiiTtL.wv. 

Frnm  llie  LuiMJon  Chemical  N>«a,  No.  2^1. 

As  an  appendix  to  the  notice  of  my  process  fur  the  utilization  of 
brine  ([)ublished  in  the  Cfiemiral  A'l  irs  lor  March  20),  I  now  beg  to 
direct  attention  to  a  modification  of  that  process,  applicable  to  ships  at 
sea,  by  which  the  quality  of  the  meat  supplied  to  tho  men  may  be  much 
improved,  and  their  footl  varied. 

Tho  salt  meat  is  placed  in  a  ilialytic  bag  made  of  untanncd  skin,  or 
other  suitable  material,  and  the  bag  tilled  nearly,  but  n<>t  quite,  full 
I'f  brine  from  the  beef  barrel.  The  dialyscr  is  then  placed  in  sea  water, 
and  the  process  allowed  to  go  on  for  several  days,  till  the  meat  and 
brine  are  sufficiently  fresh  for  use,  or  till  the  brine  in  the  dialytic  bag 
is  within  l''orli°  of  Twadde's  hydrometer  of  tho  same  strength  ofse^ 
water.  In  this  way,  as  the  brine  becomes  freed  from  salt,  the  beet', 
whieh,  by  the  action  of  salt,  has  been  contracted,  gives  its  salt  to  tho 
brine  in  the  bag,  and  so  the  process  goes  on,  tho  beef  expan»ling  liko 
a  sponge,  and  gradually  taking  up  a  great  part  of  the  natural  juice 
that  it  had  pr«>viously  lost  in  the  salting  process.  In  this  w:iy  no  loss 
vf  juice  is  sustained  by  steeping,  and  the  brine  left  in  the  bags,  after 
a  nightly  tlialysis  in  fresh  water,  can  be  usid  for  S'Mip. 

Thoroughly  failed  beef,  without  bone,  takes  up  nearly  one-third  its 
weight  in  juice,  and  this  absorption  takes  place  gradually  as  the  strength 
of  the  brine  in  tho  dialyscr  becomes  reduced. 
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A  Comparison  of  some  of  the  Meteorological  Fhenotnena  of  JuLT,  1864,  with  those 
of  July,  180o,  and  of  the  same  mouth  for  FOUKTiiEN  years,  at  Philadelphia,  Pa. 
Barometer  0(J  feet  above  mean  tide  in  the  Delaware  River.  Latitude  39°  57^^  N.; 
Longitude  75°  lUV  W.  from  Greenwicli.     By  James  A.  Kirkpatrick,  A.  M. 


July, 

July, 

July, 

1864. 

1863. 

"or  14  years. 

Thermometer — Highest — degree, 

94-00° 

88-00° 

100-50° 

"                       "           date. 

31st. 

15th. 

21st,  1854. 

"                "Warmest  day— Mean, 

86-17 

81-67 

91-30 

"                      "           "        date, 

31st. 

26th. 

21st,  1854. 

"                Lowest — degree, 

60-00 

65-00 

53-00 

"                       "         date, 

22d. 

17th. 

i,3,'62;3'57. 

"                Coldest  day — Mean, 

66-33 

70-50 

59-7 

"                      "         "       date,  . 

25th. 

17th. 

3d,  1857. 

««                Mean  daily  oscillation. 

15-73 

10-81 

15-87 

"                     "         "      range,    . 

3-81 

3.22 

3-77 

'*               Means  at  7  a.m  ,      . 

72-39 

74-40 

73-69 

"                        "               2  P  M.,       . 

83-48 

80-24 

83-43 

'«                           '«                9  P.M., 

76-97 

76-32 

76-24 

"                    •♦      for  the  month. 

77-61 

76-99 

77-79 

Barometer — Highest — Inches, 

30-066  in. 

29-988  in. 

30-212  in. 

"                  "         date,      . 

18th. 

18th. 

5th,  1859. 

"           Greatest  mean  daily  press. 

30-038 

29-982 

30-197 

"                "         date,       .     '   . 

18th. 

18th. 

5th,  1859. 

'*           Lowest — Inches, 

29-518 

29-524 

29-443 

'»                "         date, 

2d. 

9th. 

19th,  1851. 

"          Least  mean  daily  press., 

29-585 

29-544 

29-462 

•«                 "         date. 

2d. 

9th. 

80th,  1856. 

"           Mean  daily  range. 

0-114 

0-079 

0-094 

"           Means  at  7  a.m.. 

29-784 

29-800 

29-838 

"                      "              2  P.M., 

29-747 

29-780 

29-809 

•*                      "              9  P.M., 

29-783 

29-807 

29-826 

"                "      for  the  month,   . 

29-771 

29-796 

29-824 

Force  of  Vapor — Greatest — Inches, 

0-860  in. 

0-812  in. 

0-983  in. 

'«             "               "             date,     . 

2d. 

14th. 

26th,  1854. 

"             "          Least — Inches, 

•255 

-399 

-255 

"               "       date. 

22d. 

22d. 

22d,  1864. 

'<            "         Means  at  7  a.m.,    . 

-540 

-663 

-608 

"                 "                 "                 2  P.M.,      . 

-537 

-660 

-604 

*«                «'                "                9  P.M.,     . 

•592 

•684 

-636 

"            "            "      for  the  month, 

-556 

-669 

-616 

Relative  Humidity — Greatest — per  ct.. 

97-0  per  c. 

92-0  per  c. 

97-0  perct. 

"            "                    "            date. 

25th. 

13th. 

often. 

'♦            ''               Least — per  ct.. 

27-0 

43-0 

26-0 

"             "                     "        date,    . 

23d. 

23d. 

23d, 1850. 

"            "                Means  at  7  a.m.. 

67-2 

77-7 

72-4 

'«                 "                           "              2  P.M., 

46-6 

64-6 

52-8 

"                 "                           "               9  P.M., 

63-2 

75-2 

70-0 

«'             »'                     "for  the  month 

59  0 

72-5 

65-1 

Clouds — Number  of  clear  days,*    . 

8- 

1- 

6-8 

"             "                cloudy  days,     . 

23- 

30- 

24-2 
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On  the  Tesdnj  of  Chain  Cables.     By  FREDERICK  ARTHUR 
Paget,  Es«q.,  C.E. 

From  the  Jnurnnl  of  tho  fvicloty  of  ArU,  No.  5M. 
(Continued  from  page  1'6.) 

The  apparent incrcrisp  (tfultiinato  strength  through  siiccefsive  brcak- 
afjcs,  thi-rino-trnsion,  ami  much  of  the  hiirh  static  breaking  strength 
acquired  through  coM  rolling,  and  cold  hammering,  even  through  wire- 
drawing previous  to  annealing,  are  referable  to  an  increase  of  hardness, 
to  an  increase  of  the  difficulty  of  the  gliding  to  and  fro,  to  a  resistance 
to  the  inter-mobility  of  the  particles,  to,  in  one  word,  a  diminution  of 
elasticity.  If  the  numerous  exj)erimonts  that  have  now  been  made  on  iron 
do  prove  any  thing,  it  is  that  the  breaking  strength  does  not  indicate 
the  quality — the  breaking  strength  must  be  taken  conjointly  with  the 
elongation.  The  true  measure  of  the  mechanical  value  of  wrought 
iron  is  simply  the  sum  of  the  products  of  the  successive  loads  and  the 
increments  of  elongation — in  other  words,  the  resilience  of  the  bar  or 
the  defliotion  of  the  beam,  or  tho  work  performed  in  producing  the 
stretch  or  ddlection.  We  thus  see  the  value  of  Poncclet's  symbols 
T.  and  T  advocated  with  such  ability  in  England  by  Mr.  Mallet.  Upon 
the  just  balance  of  strength  of  fibre,  or  high  breaking  strength,  and  ex- 
tensibility or  ductility,  ilepends  the  mechanical  or  structural  valueof  iron. 
The  Navy  test  ft)r  chain  cables  is  stated  to  be  the  result  of  a  number 
of  careful  experimeiits  by  the  late  Sir  Samuel  Brown,  and  it  was  adopt- 
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ed  by  the  Admiralty  in  1831,  -when  chain  cables  were  fairly  established 
in  the  royal  service.  The  test  adopted  by  the  Fench  Navy  is  almost 
exactly  the  same,  and  in  Russia  and  the  States  it  is  exactly  the  same, 
as  both  those  countries  use  our  own  measures  and  weights.  Every  chain 
cable  is  proved  by  a  gradually  applied  stress  of  630  lbs.  for  each 
circular  one-eighth  of  an  inch  of  the  area  of  the  bolt  of  which  the  cable 
is  made  or  11-46  tons  to  the  square  inch  on  each  side  of  the  link. 

Assuming  that  a  link  is  subjected  in  practice  to  a  tensile  stress,  and 
as  the  proof  strength  is  generally  fixed  at  double  the  working  stress, 
this  would  correspond  to  nearly  5|  tons  on  the  square  inch.  There 
is  thus  a  very  close  correspondence  between  the  working  stress  assum- 
ed for  chain  cables  and  the  Board  of  Trade  limit  of  5  tons  to  the  square 
inch,  imposed  about  16  years  ago,  for  both  the  tension  and  compres- 
sion of  the  wrought  iron  of  railway  structures.  The  chain  cable  of  a 
ship  is  also  evidently  subjected  to  impulsive  forces.  It  is  true  that  a 
ship,  when  struck  by  a  sea,  in  most  cases  nearly  lifts  the  weight  of  her 
chain,  the  catenary  curve  of  which  thus  acts  as  a  kind  of  water-brake  ; 
but  a  very  heavy  sea  must  occasionally  bring  a  sudden  pull  on  the  cable, 
and  in  shoal  water  the  sudden  strain  must  be  almost  solely  taken  up  by 
the  resilience  of  the  cable,  or  rather  by  the  deflection  of  the  series  of 
beams  composing  the  cables.  Much  security  is,  however,  afforded  by 
the  fact  that  a  cable  is  generally  only  strained  during  a  brief  interval 
of  time.  But  few  cables  can  stand  a  sudden  nip  at  the  hawse-pipe  ; 
and  we  thus  see  that  lateral  as  well  as  longitudinal  strength  is  occasion- 
ally required  in  a  cable. 

If  two  one-inch  diameter  cable  bars  of  average  quality,  and  say,  each 
ten  feet  long,  be  put  into  the  hydraulic  press  generally  used  for  testing 
cables,  the  following  appearances  will  probably  be  observed  : — If  new, 
they  will  take  a  very  slight  set  under  a  stress  of  about  1^  ton  to  the 
square  inch,  but  if  this  stress  be  gradually  increased,  and  alternately 
eased  off  and  put  on  several  times,  the  set  will  not  increase  until  the 
true  elastic  limit  or  proof  strength  of  the  material  be  exceeded.  In  our 
case  this  limit  will  probably  be  12  tons  to  the  square  inch,  which  is  thus 
higher  by  a  little  more  than  half-a-ton  than  the  11-46  tons  navy  test. 
At  the  Admiralty  proof  stress,  each  of  the  bars  will  have  a  probably 
total  elongation  of  more  than  one-twentieth  of  an  inch,  and  a  permanent 
set  of  six  thousandths.  Beyond  this  strain  the  set  will  very  rapidly  in- 
crease up  to,  perhaps,  two  inches,  when  the  bars  will  break  under  a  load 
of  24  tons  to  the  square  inch.  But  the  phenomenon  the  most  important 
in  its  consequences,  consists  in  the  contraction  of  cross  sectional  area 
undergone  by  the  bar  through  the  stretch.  According  to  a  theoretical 
investigation  by  Poisson,  the  relation  of  the  contractions  to  the  longi- 
tudinal elongation  should  be^;  and  Wertheim's  experiments  led  him  to 
believe  that  this  relation  should  be  J.  Cauchy,  Stokes,  Maxwell,  Ran- 
kine,  and  Lame,  have  also  mathematically  investigated  this  question,  and 
have  arrived  at  results  differing  from  those  of  Poisson,  which  were  found- 
ed on  a  special  atmoic  hypothesis.  But  the  permanent  sets  that  show 
themselves  in  ductile  bodies,  like  annealed  iron,  under  very  slight  loads, 
and  the  so-called  frictions  observed  by  Dr.  William  Thomson  in  metals 
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under  tension,  would  cause  this  relation  of  contraction  to  elongation  to 
differ  for  every  different  state  of  a  metal.  To  Kirchhoff  isdue  a  remark- 
ably important  investigation  carrie<l  out  in  18;VJ,  into  the  relati*)n  of  the 
contraction  to  elongation  under  tension  of  hanl  steel  wir»'s — whirli  in«y 
be  «aid  to  approach  the  nearest  to  the  i<leal  of  a  bo'i  :1 

elasticity  in  diflerent  directions.   His  experiments,  c  ^      it 

delicacy,  pave  a  relation  of  cross  sectional  contraction  to  elongation  of 
0'2U4.  As  we  have  seen,  acconling  to  the  Admiralty  tables,  a  one- 
inch  cable  bolt  ought  to  have  an  ultimate  breaking  strength  of  not  less 
than  21  tons  8  cwts.  to  the  circular  inch,  or  more  than  -7  tons  to  the 
square  inch,  and  the  link  ought  only  to  break  at  'i4  tons.  It  is,  how- 
ever, very  seldom  that  these  strengths  are  obtained  in  practice.  The 
ultimate  elongations  of  the  bars  or  the  cables  are  not  stated  in  the 
A<lmiralty  tables.  General  Morin  relates  that  the  fine  charcoal  iron, 
made  at  Guerigny  by  the  French  government,  ex  t         '  '    -, 

Bometimes  elongates  even  more  than  one-fifth  i. 

fore  breaking,  and  this  amount  is  probably  the  utmost  that  it  is  pussibic 
to  give  to  wrought  iron  bars. 

When  the  cable  itself  is  placed  under  the  dead  pull  of  the  press,  it 
is  tested  in  three  different  ways.  It  is  first  strained  up  to  11-40  tons 
in  the  square  inch  sectional  area  across  the  double  section  of  the  link. 
While  for  about  three  or  four  minutes  under  this  stress,  the  cable  is 
subjected  at  different  parts  of  its  length  to  blows  from  a  round-faced 
hammer.  Different  sized  hammers  arc  adopted  in  proportion  to  the  size 
of  the  chain,  and  each  fathom  generally  receives  one  blow.  Each  link 
is  then  carefully  examined.  Two  or  three  litiks  are  broken  up  to  detect, 
by  its  bluish  tinge,  if  the  iron  has  been  at  all  burnt  in  the  woi  I 

also  to  make  some  estimate  of  the  quality  of  the  iron  from  t:  <^ 

of  the  fracture,  and  the  other  appearances  known  to  engineers.  S>ome 
differences  of  opinion  also  exists,  both  in  France  an<lin  England,  as  to 
the  amount  of  security  afforded  by  these  tests,  and  whether  the  test 
of  11  ^O  tons  on  the  square  inch,  and  more  especially  the  blows  of  the 
sledge,  do  or  do  not  injure  the  cable.  In  1S.")0  it  was  attempted  to  intro- 
duce a  compulsory  government  test  in  France  for  the  chain  cables  of 
merchant  vessels.  A  letter  was  addressed  by  M.  I);ivid,  an  influential 
chain  cable  manufacturer  at  Havre,  to  the  then  imperial  minister  of 
public  works,  advocating  a  compulsory  test,  from  motives  of  ! 
to  the  ships  crews,  and  of  public  economy.  A  system  of  per. 
testing,  for  every  ten  or  twelve  years  that  the  cable  had  been  ui  w<>rk, 
was  also  proposed.  The  attention  of  the  then  minister  of  the  French 
marine  was  directed  to  the  statements  put  forth,  and  Admiral  llamclin 
or<lere<l  an  official  investigation  of  the  question.  The  results  shown 
forth  in  the  report  would  appear  to  have  proved — at  any  rate  to  the 
satisfaction  of  the  Imperial  administr.i'  * — 1st. ''The'  '    -: 

of  17  kilogrammesor  even  of -0  to'Jl  kii  ^  per  s(|uare  i: 

of  section  of  the  link,  is  not  enough  either  to  prove  the  good  work- 
manship of  the  cables  or  the  quality  of  the  iron  employed;  2d.  Tliat 
a  higher  proof  than  2U  to  21  kilogrammes  cannot  be  applied  several 
times  to  cables  without  affecting  their  quality ;  3d.  That  the  differeoces 
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of  useful  effect  between  different  presses  often  lead  to  error  with're- 

spect  to  the  absolute  value  of  the  tension  employed The  sum 

total  of  these  results  therefore  shows,  continues  the  minister,  that,  on 
the  one  hand,  an  increase  of  the  proof  test  would  not  be  of  much  effect 
in  detecting  bad  materials  and  workmanship,  and  on  the  other  that  it 
■would  be  dangerous  to  increase  the  test.  The  required  security  can 
only  be  obtained  in  a  well  understood  system  of  manufacture ;  and, 
therefore,  besides  the  test  in  the  press,  it  is  necessary  to  scrupulously 
choose  the  special  quality  of  iron  required;  to  accurately  examine  each 
individual  link  after  the  testing ;  to  break  up  any  questionable  link  ;  and 
to  choose  the  most  skilful  and  trustworthy  operatives."  In  one  word, 
the  minister  of  the  marine  did  not  consider  a  government  inspection  of 
chain  cables  intended  for  the  French  merchant  service  as  a  practicable 
thing.  It  is  to  be  remembered  that  all  the  chain  cables  for  the  Imperial 
navy  are  manufactured  by  the  government. 

Now  there  can  be  no  doubt  that  the  proof  of  11'46  tons  to  the  square 
inch  is  not  enough  of  itself  to  test  the  quality  of  the  workmanship,  or, 
more  definitely,  the  perfection  of  the  welds.  For  this  reason  Mr.  R. 
Bowman  advocated  before  the  1860  Committee  an  increase  of  the  test. 
It  is  clear  that,  as  the  sides  are  only  tested  up  to  little  more  than  11*46 
tons,  and  as  they  would  break  at  only,  say,  24  tons  to  the  square  inch, 
less  than  one-half  the  sectional  area  of  the  iron  would  stand  the  test  if 
applied  only  tensionally.  As,  however,  through  the  cross-bending 
strain  at  the  two  ends,  the  link  slightly  tends  to  assume  the  shape  of 
a  lozenge,  the  weld  is  more  severely  tested  than  would  at  first  appear. 
There  is  a  certain  diflSculty  in  detecting  a  bad  weld,  upon  the  nature 
of  which  some  practical  light  has, been  thrown  by  some  experiments 
of  Mr.  Kirkaldy's  on  bars  grooved  round  their  circumferences.  The 
matter  had  been  previously  investigated  by  the  writers  on  elasticity, 
but  Mr.  Kirkaldy  was  the  first  to  practically  test  the  question.  Bars 
grooved  at  any  particular  part  down  to  a  given  diameter,  gave  a  much 
higher  ultimate  breaking  strength  than  bars  of  a  diameter  all  through 
equal  to  that  at  the  reduced  part  of  the  gooved  bar.  The  wider  parts 
on  each  side  resisted  the  tendency  to  draw  out,  and  a  great  apparent 
strength  was  thus  obtained.  The  extent  of  this  apparent  gain  was  as 
much  as  37^-  per  cent,  in  some  of  the  pieces,  while  the  average  gave  18-63 
per  cent,  in  favor  of  the  grooved  specimen.  Here  again  we  see  the  falsity 
of  taking  merely  the  breaking  strength  into  account,  for  although  the 
breaking  strengths  were  thus  increased,  the  elongation,  and  the  con- 
traction of  area  attendant  on  elongation,  were  proportionately  less. 
It  will  thus  be  seen  that  a  bad  weld  may  be  impaiied  by  a  strain  in 
excess  of  the  elastic  limit  due  to  the  quality  of  the  iron  and  the  cross 
sectional  area  of  the  solid  metal,  and  that,  although  it  is  thus  injured, 
it  may  not  show  signs  of  the  injury.  On  the  other  hand,  some  security 
is  given  that  a  bad  weld  may  be  detected,  from  the  fact  that  rolled 
iron  is  well  known  to  be  somewhat  hardened  by  being  hammered,  and 
the  welded-up  side  of  the  link  would  thus  be  less  extensible  than  the 
opposite  parallel  side,  and  w^ould  thereby  be  rather  more  sti-ained. 
It  is  evident,  however,  that  though  the  test  can  scarcely  be  too  high 
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for  the  welds  alone,  the  proof  of  more  than  foartcen  tons  to  the 
square  inch,  proposed  hy  M.  David,  would  clearly  be  too  high  for  the 
cable.  M.  David,  indeed,  stated  that  he  tested  his  cable  up  to  this 
amount,  but  it  appears  that  the  pressure  he  used  was  not  accurately 
measurf'(l.  In<leed,  there  is  no  doubt  that  very  few  cables  would  stan'l 
the  ordinary  proof  if  repeated  sufficiently  often,  or  if  it  were  put  ou 
and  eased  off  a  succession  of  times,  upon  the  plan  shown  by  Dr.  Ilankine. 
As  it  is,  the  permanent  set  taken  by  cables  is,  on  an  average,  from 
4  to  G  feet  in  1*0.  JJut  the  best  proof  that  this  single  application  of  the 
test  for  a  short  time  does  not  injure  good  chain  cables,  is  seen  in  the 
fact  that  it  has  been  adopted  all  over  the  world  for  more  than  thirty 
years.  We  are,  however  in  a  dilemma.  To  increase  the  proof  would 
evidently  be  to  injure  the  link,  while  the  detection  of  a  bad  weM  has, 
in  any  case,  to  encounter  the  difficulties  just  mentioned.  These  ques- 
tions can  only  be  met  by  a  most  careful  inspection  of  each  individual 
link.  The  (juality  of  the  iron  can  also  be  very  closely  tested  by  break- 
ing up  two  (»r  three  links.  The  most  searching  tests,  however,  are  the 
hammer  blows  given  while  the  chain  is  under  tension.  Adapting  a 
well-known  and  excellent  illustration,  this  will  be  at  once  evident  wbtn 
we  remember  that  a  IJ-ineh  chain  cable,  made  of  glass,  would  give  the 
same  ultimate  gradually-applied  breaking  strength  as  a  one-inch  iron 
cable — but  it  wouM  not  be  likely  to  stand  the  hammer  test.  On  the 
other  hanil,  a  cable  of  india-rubber,  although  not  to  be  broken  by  the 
hammer,  would  at  last  be  torn  in  two  by  the  press.  In  fact,  the  ham- 
mer test  approaches  nearer  than  any  other  to  the  kind  of  work  that 
will  have  to  be  done  by  the  cable  when  at  sea.  IJesides,  the  mere  form 
of  a  chain  ren'iers  it,  /n-r  ««',  liable  to  continual  shocks  and  jerks,  aii  I 
this  must  be  encountered  by  a  special  quality  of  material,  and  that  this 
material  has  really  been  used  must  be  shown  in  the  proving  house. 

Mr.  Pope,  the  surveyor  for  Lloyd's  at  Liverpool,  gave  it  as  his  opin- 
ion, before  the  Committee  of  18G0,  that  the  navy  test  was  too  high, 
and  had  a  tendency  to  injure  the  chain.  This  might  be  true  for  a  chain 
of  a  ba<l  material,  but  not  for  a  chain  made  of  iron  \Tith  the  high  elas- 
tic limit  that  should  alone  be  used  for  chain  cables.  He  proposed  to 
test  a  short  piece  to  destruction,  and  then  to  test  the  entire  chain  up 
to  half  the  Admiralty  proof.  Apart  from  the  expense  and  destruction 
of  material  by  this  proceeding,  there  can  be  little  doubt  that  half  the 
usual  test  would  not  detect  all  the  bail  welds,  and  the  distinctive  pecu- 
liarity of  a  cal)le  consists  in  the  fact  that  a  single  bad  weld  is  sufficient 
to  cause  the  entire  loss  of  the  chain. 

As  we  have  seen  that  a  cable  consists  substantially  of  a  series  of 
small  curved  beams,  it  would  be  only  a  natural  intjuiry  to  ask  why  the 
sum  total  of  their  deflections,  represented  by  the  temporary  elongation 
of  the  cable,  antl  why  the  total  permanent  set  should  not  be  both  re- 
gistered, and  be  both  taken  into  account  when  estimating  the  quality 
of  the  cable.  There  are,  however,  several  influences  that  would  greatly 
disturb  an  accurate  deduction.  It  might,  at  first  sight,  be  supposed 
that  the  tlefective  welds  would  elongate  in  the  inverse  ratio  of  their 
areas  of  solid  metal  to  that  of  the  links.   This,  as  we  have  seen,  is  not 
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the  case,  ard  even  if  it  were  the  case,  the  action  would  aflfect  the  de- 
ductions therefrom  by  variable  and  uncertain  quantities.  Tlie  links 
will  also  bed  against  each  other  to  an  amount  given  by  the  hardness 
of  the  iron.  There  can  be  no  doubt  that  the  extension  must  be  taken 
into  account  with  the  breaking  weight,  when  the  quality  of  a  bar  has 
to  be  estimated.  But  even  with  bars,  this  varies  considerably,  not  merely 
in  different  qualities,  but  also,  as  was  shown  by  Mr.  Kirkaldy,  in  speci- 
mens of  the  very  same  brand.  These  results  were  also  obtained  under 
tensional  stresses  alone,  and  when  we  come  to  the  combination  of  trans- 
verse, tensile  and  directly  compressive  stresses  to  be  found  acting  on 
a  link,  the  varied  ways  in  which  these  stresses  act  on  varying  qualities 
of  iron  would  scarcely  render  the  deductions  from  the  elongations  and 
set  sufficiently  trustworthy.  Again,  to  take  an  extreme  case,  if  one 
half  of,  say,  50  fathoms  of  cable  were  made  of  a  very  bad  kind  of  iron, 
and  the  other  half  of  a  very  good  quality,  it  would  be  difficult  to  draw 
any  right  deduction  from  these  appearances.  As  it  is,  however,  the 
permanent  set  is  generally  registered. 

There  is  probably  no  metal  the  strength  of  which  is  influenced  in 
such  a  remarkable  way  by  temperature  as  iron.  As  M.  Baudrimont 
showed  in  1850,  the  tenacity  of  iron  is  less  at  100°  C.  than  at  0°  C, 
but  at  200°  it  is  greater  than  at  0°,  and  these  results  have  been  exactly 
confirmed  by  Dr.  Fairbairn  in  some  experiments  on  boiler  plates,  com- 
municated in  a  paper  to  the  British  Association.  At  yet  higher  tem- 
peratures this  tenacity  is  of  course  diminished;  and  Seguin  has  shown 
that  iron,  the  tensile  strength  of  which  could  be  represented  by 
100  at  10°  C,  had  this  tenacity  lowered  to  90-5  at  370°  C,  and  to 
58-7  at  500°  C.  In  the  royal  dockyards  of  Woolwich  and  Portsmouth, 
the  atmospheric  temperature  during  the  testing  of  each  anchor  or  chain 
is  carefully  noted,  although  the  proving  houses  themselves  are  kept  at 
a  mean  temperature  of  56°  Fahr.  by  means  of  stoves,  which  also  thus 
save  the  water  pipes  from  freezing.  This  temperature  of  course  falls 
a  little  during  the  winter  and  rises  in  summer,  as  the  heat  in  the  shade 
generally  varies  in  England  from  about  76°  to  perhaps  34°  Fahr.  The 
action  of  frost  on  iron  has  not  been  completely  investigated ;  and  Dr. 
Percy  recommends  that  some  acurate  experiments  on  the  question  be 
undertaken  by  the  Institution  of  Civil  Engineers.  The  daily  obser- 
vation of  practical  men  has,  however,  as  in  so  many  other  cases,  pre- 
ceded the  deeper  investigations  of  science.  All  workmen  know  that 
their  tools,  such  as  picks  and  chipping  hammers,  which  have  to  under- 
go percussion  in  frosty  weather,  are  then  more  liable  to  get  broken. 
All  chains  are  well  known  to  be  more  subject  to  snap  under  the  same 
circumstances.  There  is  always  a  notorious  increase  of  accidents 
through  breakages,  both  in  the  permanent  way  and  rolling  stock,  of 
railways  during  frosty  weather.  It  is  stated  that  during  the  severe 
winter  of  1860-61,  498  rails  were  broken  on  the  Chemin  de  Fer  de 
I'Est,  from  the  11th  December  to  the  31st  January  inclusive.  No  less 
than  258  were  broken  from  the  21st  to  the  25th  of  January,  during 
■which  period  the  thermometer  descended  to — 7*8°  and  even  to — 16° 
centigrade.  General  Morin  relates  that  during  the  northern  campaigns 
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of  the  first  empire  the  artillery  veterans  used  to  believe  that  wrought 
iron  was  subject  to  freezing,  and  after  the  long  winter  bivouacs  they 
never  began  their  day's  inarch  without  striking  the  gun-carriage  axlea 
in  the  direction  of  their  length,  and  the  vibration  thus  produced  was 
Said  to  "  thaw  "  the  iron.  An  intense  cold  is  also  said  to  have  enabled 
the  French  garrison  of  llaniburg  to  disable  the  cast  iron  siege  guns, 
by  knocking  ofl'  the  trunnions  hi-fore  evacuating  tlie  place.  Mr.  Lenox 
Btated,  in  evidence  before  the  IHUU  Committee,  his  belief  that  a  cable 
•would  stand  a  test  in  warm  weather  that  it  might  not  in  cold.  The 
crews  of  the  fishing  vessels  on  the  coast  of  Nova  Scotia  find  that  the 
cold  renders  their  cables  so  brittle  that  a  length  of  hempen  cable  is 
used  for  the  portion  out  of  the  water,  while  the  anchor  end  is  kept 
from  the  vicissitudes  of  the  atmosphere  by  the  usual  average  tempera- 
ture of  the  sea.  A  few  experiments  made  by  Mr.  Kirkaldy  showed 
that  the  breaking  strength  of  a  b.ir  is  slightly  reduced  by  freezing 
when  a  gradual  breaking  l<»ad  was  applied,  but  that  this  difference  be- 
tween a  frozen  and  an  unfrozen  bolt  is  much  more  increased  by  a  sud- 
denly applied  load,  being  'S  percent,  less  when  frozen.  The  usual  way 
adopted  by  French  engineers  to  test  rails  is,  as  we  have  seen,  to  prove 
a  percentage  of  the  lot  by  means  of  a  falling  weight.  Some  tests  were 
carried  out  a  few  years  ago  by  M.  Couche,  on  a  number  of  rails,  of 
very  good  quality,  from  the  Anzin  works.  The  monkey  weighed  oOO 
kilogrammes,  and  the  distance  between  the  supports  was  Im.  lU.  When 
the  thermometer  varieil  from — 4°  C.  down  to  —  0^  C.  the  weight  had 
only  to  be  raised,  in  an  average  of  twelve  experiments,  to  a  height  of 
6ft.  Gins,  in  order  to  break  the  rail;  but  when  the  thermometer  rose 
from +  3°  to +  8°  C,  then  the  weight  had  to  be  lifted  for  a  fall  of  7 
feet  9  inches.  Similar  experiments  conducted  in  18G0,  showed  that 
a  difference  of  temperature  from  — 4^  to  -f-  6°  centigrade  was  sufficient 
to  greatly  influence  the  Height  of  fall  necessary  to  break  the  rail.  It 
is  not  unnatural  to  suppose  that  the  particles  of  iron,  after  being  worked 
at  a  heat  and  allowed  to  cool  and  set  at  a  medium  temperature,  should, 
when  that  temperature  is  lowered,  get  into  a  state  of  mutual  strain  ; 
or  that  any  initial  mutual  strain  should  bo  thus  intensified.  The  toys 
made  of  suddenly  co(ded  glass,  known  as  Prince  Rupert's  drops,  are 
exaggerated  instances  of  a  similar  action.  The  outside  |)ortion3  of  a  bar 
of  whatever  size,  would  evidently  cool  and  consequently  contract  first 
of  all.  The  inside  portions  wouhl  also  at  last  cool,  but,  having  kept 
the  outside  portions  distended,  when  the  inside  does  cool,  it  then  he- 
comes  a  (juestion,  to  be  ileterniined  by  various  circumstances,  whether 
it  would  pull  the  imtside  shell  into  a  state  of  compression,  or  whether 
the  outside  shell  would  draw  the  inside  into  fissures  by  tension.  A 
somewhat  similar  explanation  is  given  by  Mr.  Mallet  of  the  rents 
caused  in  the  interior  <»f  very  massive  forgings,  and  this  state  is  pro- 
bably always  induced  l»y  the  comlitions  of  cooling  in  a  small  bar,  but 
with,  of  course,  a  smaller  range  both  as  to  size  and  temperature.  In 
any  case,  it  is  apparent  that  a  ductile,  elastic  material  ought  to  be 
less  affected  by  these  doubtlessly  com[)licated  conditions  of  tensile  and 
couij>ressive  strains.  It  is,  therefore,  probable  that  a  hard,  harsh,  iroa 
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would  be  more  affected  by  frost  than  a  soft  ductile  iron,  and  also  that 
the  breaking  strength  of  both  qualities  would  be  less  affected  by  cold 
than  their  extensibility.  It  is  even  by  no  means  improbable,  though 
the  fact  would  be  difficult,  or  at  any  rate  very  expensive,  to  prove,  that 
the  breaking  weight,  or  the  elastic  limit,  or  both,  of  iron,  is  or  are 
different  for  every  degree  of  heat.  A  bar  is  perhaps  cooled  down  in  the 
rolling  shed  to  the  medium  atmospheric  temperature  of,  say,  52°  Fahr. 
At  a  lower  temperature,  at  a  temperature  for  instance,  of  32°  Fahr.,  its 
static  breaking  weight  is  increased,  but  its  power  of  elongation  under 
stress  is  probably  diminished.  At,  say,  boiling  point,  its  breaking 
strength  is  diminshed,  but  its  power  of  elongation  is  increased.  These 
remarks  to  some  extent  meet  the  results  of  Baudriment  and  Fairbairn. 
Unfortunately,  Baudriment  has  not  recorded  the  elongations,  and  his 
experiments  were  made  on  wires  only  one  millimetre  in  diameter  when 
at  a  temperature  of  16°  C.  Dr.  Fairbairn  did  find  that  the  elonga- 
tions of  plates  increased  very  closely  with  the  temperature,  but  his  ex- 
periments are  not  sufficient  in  number  to  be  taken  as  conclusive  ;  and, 
as  Dr.  Percy  remarks,  many  more  experiments  are  required  on  the 
action  of  frost  on  iron.  If  it  could  be  shown,  for  instance,  that  the 
crystals  of  iron  expand  to  different  degrees  in  their  different  axes,  this 
would  probably,  per  «e,  meet  the  scarcely-to-be-doubted  fact  that  iron 
is  rendered  brittle  by  frost.  As  the  chain  cables  of  a  ship  are  alter- 
nately exposed  to  the  utmost  extremes  of  atmospheric  temperature,  this 
question  is  here  of  peculiar  importance. 

(To  be  Continued.) 
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From  the  Practical  Mecbanic's  Journal,  June,  and  Jnly,  18M. 

(Continued  from  page  86.) 

M.  Martin  having  been  engaged  to  assist  in  conducting  the  experi- 
ments made  under  the  direction  of  M.  H.  Bochet,  mining  engineer,  the 
first  deductions  from  which  are  inserted  in  the  second  part  of  the  An- 
nates des  3Iines  for  the  year  1858,  the  whole  of  which  treat  of  the 
friction  of  rolling ;  but  the  second  part,  which  is  not  yet  concluded, 
■will  treat  of  the  variations  of  those  resistances  which  the  action  of  the 
air  produces;  and  lastly,  every  thing  which  concerns  the  questions  of 
velocity,  specific  pressure,  of  lubrication,  &c.,  &c. 

M.  Bochet  having  been  requested  to  give  information  on  this  in- 
teresting and  no  less  important  subject,  prior  to  the  entire  publication 
of  his  extensive  researches  on  those  points  which  relate  to  the  action 
of  air  upon  revolving  wheels,  has  addressed  M.  Martin  in  the  follow- 
ing terms : — 

"It  appears  from  the  numerous  and  exact  experiments  which  I  have 
made  with  a  dynamometer,  to  determine  the  resistance  which  is  offered 
to  the  rotation  of  the  wheels,  that  this  resistance  is  made  up  of  three 
different  forms,  as  follows : 

"  First.  The  resistance  due  to  the  friction  of  the  journals  of  the  axle 
in  their  bearings ;  secondly.  The  friction  resulting  from  the  rolling  of 
the  wheel  on  the  rail  ;  thirdly.  The  resistance  of  the  atmosphere  upoa 
all  the  surfaces  exposed  during  rotation. 


Spoked  and  Disk  Wheels.  lo3 

"If  wo  compare  one  with  the  other,  the  total  resistance  opposed  to 
epokcd  wlieolson  the  one  hand,  and  on  the  other  tliat  opposed  to  disk 
wliecis  of  the  fianie  diameter,  hreadth  of  tyre,  and  wei;xht,  all  other 
tliiri;_rs  hein;^  the  same,  as  wi-ll  as  the  velocity  of  rotation,  the  total 
resistance  ojiposed  to  disk  wheels  is  always  much  less  than  that  offered 
to  spoked  wheels. 

*'This  diminisht'd  resistance  offered  to  disk  wheels,  comparatively 
with  that  to  which  spoked  wheels  are  suhjected  (the  two  first  elctn.  ■  '-; 
of  resistance  above  mentioned  being  identical  in  each  case),  alth"  ._:. 
of  immense  importance  at  a  slow  rate  of  revolution,  becomes  of  still 
greater  importance  as  the  velocity  of  rotation  is  increased. 

"At  a  speed  400  turns  per  minute,  the  resistance  of  the  atmosphere 
upon  disk  wheels  is  not  more  than  half  of  that  offered  to  those  with 
spokes  (tliis  fact  was  obtained  from  observations  niade  upon  the  wheeU 
of  a  truck,  whose  diameter  was  1  metre).  This  difference  of  1  to  2  is 
not  a  variation  which  is  produced  from  the  sum  of  the  resistances  en- 
countered, but  that  of  the  atmospheric  resistance  only;  for  in  both 
instances  the  resistance  of  the  journals  in  their  bearinjjs  and  the 
rolling  friction  of  the  wheels  upon  the  rails  remain  constant;  but  when 
the  wheels  have  only  a  light  weight  to  carry,  and  especially  if  the 
journals  are  well  lubricated,  the  two  last  mentioned  resistances  are 
considerably  lessened ;  and  above  all,  at  a  high  velocity,  they  are  much 
less  than  generally  supposed;  so  that  at  a  high  velocity  of  rotation, 
the  entire  resistance  oflVred  to  the  revolution  of  a  disk  wheel  is  rarely 
if  ever  increased  beyond  the  half  of  that  nffered  to  a  spoked  wheel  of 
similar  dimensions.  It  is  also  well  to  add,  that  the  small  disturbance 
of  the  atmosphere  by  disk  wheels  when  traveling  at  a  high  velocity, 
is  a  special  advantage,  independently  of  the  diminished  resistance  to 
traction  which  results. 

"It  may  also  be  stated,  that  as  the  load  becomes  greater,  ami  the 
lubrication  of  the  journals  becomes  inferior,  the  rate  of  revolution  di- 
nunislies  in  an  exactU*  corresponding  proportion,  the  total  resistance 
encountered  by  the  wheels  always  reverting  towards  an  equilibrium; 
that  is  to  say,  as  the  load  and  friction  increase,  the  velocity  of  rotation 
decreases ;  and  as  the  load  and  friction  decrease,  the  velocity  of  rotatioa 
increases. 

"  II.  BOCHET  " 

Thopo  experiments  were  made  with  the  sjiecial  view  to  determine  the 
results  contained  in  the  almvc  letter.  The  same  wheels  were  easilv 
made  either  to  present  a  disk  or  spokes  to  the  resisting  action  of  the 
atmosphere  ;  for  thin  iron  disks  were  prepared  of  a  diameter  equivalent 
to  that  of  the  spoked  portion  of  the  wheel;  these  were  easily  fixed  on 
either  side  of  the  wheel,  so  as  to  make  a  plain  disk  surface;  or  when 
taktMi  off,  the  spokes  w«-rc  left  exposed  as  usual. 

AVe  think  it  well,  in  order  to  complete  this  interesting  subject,  to  add 
some  extracts  from  a  paper  by  M,  J.  Poiree,  Ingeiiieur  des  ponts  et 
chausses,  published  in  the  Transactions  de  la  Socirtf  Jngrnifurs  Ci- 
vile. The  experiments  referred  to  as  having  been  conducted  by  M.  J. 
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Poiree,  were  carried  out  for  the  purpose  of  obtaining  complete  infor- 
mation upon  every  point  which  influences  the  traction  of  railway 
trains,  such  as  the  work  in  ascending  inclines,  as  well  as  of  passing 
over  curves,  the  resistance  to  be  overcome  in  the  engine  itself,  its  actual 
power,  its  consumption,  the  atmospheric  resistance  opposed  to  trains, 
&c.,  but  strange  to  say,  that  the  obstruction  offered  by  this  element  to 
the  rotation  of  the  wheels,  although  it  was  inquired  into,  was  not  car- 
ried out  so  as  to  obtain  any  satisfactory  results. 

The  atmospheric  resistance  opposed  to  various  classes  of  trains  may 
be  stated  approximately  in  the  following  order:  — 

To  the  traction  of  ballast  trains,  at  3k. 2 -10  per  tonne. 

"  "  goods  trains,  at   4     1-2  " 

"  "  passenger  trains,  at    7    7'10  " 

"  "  express  trains,  at  10  " 

These  experiments  were  made  with  a  Morin  dynamometer,  placed  in 
the  back  part  of  the  tender  of  the  engine  which  drew  the  experimental 
train.  The  instrument  was  capable  of  measuring  the  opposing  forces 
as  high  as  2300  kils. 

An  anemometer,  destined  to  give  the  intensity  and  direction  of  the 
currents  which  acted  upon  the  train,  was  placed  above  the  tender. 
Lastly,  watchmen  placed  on  the  line  noted  the  natural  and  chief  direc- 
tion of  the  wind  both  before  and  after  the  train  had  passed. 

In  the  whole  of  these  experiments,  the  traction  per  tonne  on  the 
level  varied  from  3  kils.  to  14  kils.  The  resistance  of  the  atmosphere 
per  square  metre,  as  shown  by  the  anemometer,  varied  from  0  to  57  kils. 
per  square  metre.  In  the  last  case,  the  train's  lineal  velocity  was  20 
metres  per  second,  with  a  contrary  wind.  The  influence  of  a  side  wind 
is  very  important.  With  a  nearly  constant  velocity  of  travel  56  kilo- 
metres per  hour,  the  load  of  117  tonnes  also  remaining  constant,  the 
tractive  force  on  a  level  was  found  on  two  different  journeys  to  vary 
from  6k.  5  to  10k  5  per  tonne. 

In  the  first  case,  the  wind  acted  upon  the  train  precisely  at  an  angle 
of  10°  to  its  direction  of  travel ;  but  in  the  second,  it  acted  in  opposi- 
tion to  it  at  28°. 

If  the  train  is  supposed  to  consist  of  six  carriages,  making  a  total 
weight  of  80  tonnes,  running  at  a  speed  of  12  metres  per  second,  and 
acted  upon  contrary  to  its  travel  by  the  wind  striking  it  at  an  angle  of 
45°  with  a  velocity  of  6  metres  per  second,  it  is  found  that  the  resist- 
ance due  to  the  impact  of  the  atmospheric  currents  upon  the  anterior 
portion  of  all  the  vehicles  composing  the  train  amounts  to  3  kils.  If 
the  same  wind,  however,  struck  it  in  the  direction  of  the  trains  motion, 
the  resistance  per  ton  due  to  the  action  of  the  atmospheric  currents 
would  only  be  Ok.  22.  Upon  a  calm  day,  the  resistance  would  only 
be  Ok.  50. 

These  experiments  have  shown  the  wide  differences  which  actually 
exist  between  the  above  numbers ;  but  in  this  calculation  neither  the 
resistance  that  the  atmosphere  exercises  upon  the  wheels,  nor  the  fric- 
tion of  the  wheels  upon  the  rails,  have  been  taken  into  account. 

The  Traction  of  Passenger  Trains. — English  engineers  have  adopt- 
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c<l,  and   the  authors  of  the  *'  Guide  de»  Mecaniriem  "  have  rerom- 
mended  the  following  formula  for  this  calculation : 

R=  2k.72  + 0,094  v  + 0,00484—  .  .  (11; 

R  being  the  resistance  per  train  tonne. 

V  the  velocity  per  hour,  in  kilometres. 

T  the  total  wiiglit. 

N  the  total  train  Burface  exposed  to  the  direct  resistance  of  air. 

2k. 72  represents  the  co-efTicient  of  friction. 

00'J4  proportional   to  the  velocity,  expresses  the  resistance  «luo 
to  concussions,  undulations,  and  vibrations  of  the  perma- 
nent way. 
000484  proportional  to  the  square  of  the  velocity  is  the  resistance 
of  the  wiijtl. 

This  formula  re-produces  the  numbers  found  in  M.  J.  Poir^e's  experi- 
ments, making 

N=14  metres  for  train  of  carriages; 
V=  7  metres  for  express  trains. 

M.  Martin  had  recourse  only  to  the  prece<ling  when  calculating  ac- 
cording to  the  indications  given  by  the  anemouuter,  the  resistance  per 
tonne  drawn,  duo  to  the  impact  of  the  air  upon  the  anterior  portions  of 
all  the  vehicles  composing  the  train  which  was  found  to  vary  from  3k. 00 
to  Ok. 5,  has  proved  tliat  the  total  resistances  are  very  much  greater, 
but  that  he  had  not  taken  into  account  the  resistance  of  the  atmosphere 
upon  the  wheel,  or  the  friction  on  the  rails. 

(  ouiparative  weiijht  of  Spoked  and  Disk  Wheels. — If  we  compare 
one  with  the  other  wheels  of  Om  'J2  in  diameter,  they  will  be  found 
to  Lave  the  following  weights  : 

Wheels  with  single  spokes,   183  kils. 
*'      with  double  spokes,  iSl     '♦ 
"      with  disk  centres,     130    ** 

and  those  of  Om  825  diameter — 

Wheels  with  double  spokes,  l.'»4  kils. 
"       with  disk  centres,      110   " 

the  main  weight  of  spoked  wheels  will  therefore  bo 

133  + 181 +  154=**I|?«  156  kils.     .  .  (12) 

that  of  disk  wheels — 

130 +  110=^;^^=  120  kils.       .  .  (13) 

that  is  as  loO  :  120,  or  as  15  :  10      .  .  .  .  (14) 

Disk  wheels  beyond  all  doubt  are  destined  in  no  long  period  to  super- 
sede those  of  the  present  construction:  the  eniploynunt  of  thin  steel 
tyres  will  also  be  remlcred  capable,  by  reason  ut  their  b^ing  tempered 
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■without  fear  of  altering  in  form,  they  being  supported  continuously  in 
their  interior. 

The  doubts  which  have  been  entertained  relatively  to  the  solidity 
of  these  tyres  need  no  longer  exist,  according  to  the  report  of  the  ex- 
periments carried  out  under  a  commission  composed  of  M.  Combes, 
Laieux,  and  M.  Couche. 

This  commission  has  proposed  to  reduce  to  one-half  the  thickness 
of  the  tyres,  which  will  enable  them  to  be  cast  in  steel  with  facility. 
The  conclusions  of  this  report  have  been  adopted  by  the  Commission 
centrale  des  machines  cl  vapeur.  It  will  be  easily  perceived  how  ad- 
vantageous it  becomes  to  employ  steel  tyres,  which  will  not  quickly 
wear  out,  for  when  their  thickness  is  reduced  to  a  centimetre,  (-iJUoT 
inches)  as  far  as  strength  goes  they  will  be  equal  to  iron  tyres  of  20 
millimetres  ('7860  inches)  in  tiiickness. 

According  to  these  conclusions  the  weight  will  be,  for  an  axle  with 
wheels  attached,  of  a  diameter  =  Im  03  =  (40-462  inches),  and  with 
straight  spokes,  815  kilogrammes  =  (896-6  tbs.) ;  and  for  the  same 
axle  with  disk  wheels,  of  the  same  diameter  and  steel  tyres,  Om  025 
=  (984-275  inches)  in  thickness,  the  total  weight  would  be  645  kilo- 
grammes =  (1422-096  tbs.) 

On  the  .'Jmount  of  Dust  lifted  by  the  Wheels  of  Railway  Carriages  and 
Wagojis  when  running. — It  will  not  be  contested,  after  what  has  been 
stated,  but  that  disk  wheels  are  far  superior  in  every  way  to  those 
made  with  spokes,  and,  considering  the  grave  objections  judiciously 
raised  against  the  latter,  it  becomes  a  desirable  matter  that  these 
should  be  transformed  into  disk  wheels,  which  change  may  be  effected 
in  two  different  ways,  cither  of  which  will  permit  the  same  wheels  as 
at  present  existing  to  partake  of  the  advantages  experimentally  deter- 
mined as  belonging  to  disk  wheels  for  railway  vehicles.  One  mode  of 
effecting  this  change  consists  in  placing  on  each  side  or  face  of  the 
wheel  a  tiiin  disk  of  sheet  iron  or  wood  ;  these  may  be  firmly  held  in 
place  by  bolts  passing  through  both  at  intervals;  or,  instead  of  this, 
it  may  be  preferable  to  fill  the  space  between  the  spokes  by  solid  blocks 
of  wood,  held  to  the  spokes  by  means  of  iron  studs.  This  mode  of 
effecting  the  jointing  is  preferable  to  the  use  of  bolts  and  nuts,  which 
are  usually  employed  for  approximately  similar  purposes,  from  the 
fact  that  these  frequently  fall  out  in  traveling,  becoming  loosened  by 
the  centrifugal  action  of  the  wheel,  and  shaken  out  of  their  places  by 
the  trepidation  of  the  permanent  way  as  well  as  the  train. 

The  dust  raised  does  not  fltaly  injure  expensive  carriages,  but  it 
penetrates  the  axle  boxes,  and  frequently  commits  serious  injury  on 
the  journals  and  their  bearings;  it  is  also  excessively  annoying  to 
passengers. 

The  Cost  and  Economy  of  Disk  Wheels. — As  to  first  cost,  disk  wheels 
would  be  about  the  same  as  those  with  spokes,  and  taking  into  account 
the  economy  in  traction  resulting  from  their  employment,  which,  put- 
tin<T  it  down  at  minimum,  cannot  but  be  of  immense  importance,  as 
may  easily  be  seen  by  calculating  the  number  of  trips  run  by  each 
pair  of  wheels  during  a  given  period. 
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The  (lii^k  wheels  which  have  served  for  the  above  comparison  with 
the  spoked  ones,  were  furnished  by  "  la  Societi:  des  forges  de  la  Provi- 
dence. 


We  have  now  brought  to  a  close  these  comparisons  between  "  spoked 
and  disk  wheels,"  and  trust  that  some  of  our  English  engineerfi  may 
ere  long  bestir  themselves  toward  adopting  an  improvement  which  it 
appears  tiicy  have  been  too  slow  in  discovering  the  advantages  of. 
Disk  wheels  of  cast  iron  have  long  been  in  use  upon  the  American 
railways,  and  although  it  appears  likely  that  these  deductions  of  M. 
Martin  were  made  with  regard  to  wrought  iron  disks,  still  it  is  very 
probable  that  cast  iron  will  ultimately  be  the  material  adopted  for  the 
purpose.  Disk  wheels,  it  is  true,  have  been  in  use  in  England  for 
some  considerable  length  of  time,  the  disk  being  formed  of  wooden 
segments  under  a  system  patented  by  Mr.  I5eattie,  of  the  London  and 
South  "Western  Railway,  and  the  employment  of  wliich  is  largely  ex- 
tending ;  we  have  also  frequently  seen  trucks  and  wagons  with  wooden 
disk  wheels  on  the  ]3ristol  and  Exeter  line,  but  we  do  not  believe  tiiat 
in  either  case  they  were  adopted  for  the  reason  of  diminishing  resist- 
ance to  traction,  or  any  of  the  other  advantages  that  are  now  shown 
to  belong  to  them. 

We  do  not  confine  these  remarks  to  the  wheels  of  carriages,  vans, 
and  wagons  only — they  are  equally  applicable  to  those  of  the  loco- 
motive itself,  and  if  the  change  proposed  be  ever  adopted,  it  seems 
very  probable  that  the  not  unfrequent  necessity  of  mending  broken 
drivers  may  be  quickly  obviated.  It  has  long  been  seen  that  existing 
spoked  driving  wheels  are  not  at  all  suited  for  the  increasing  traffic  on 
our  railways  ;  many  of  them  are  unable  to  endure  the  strain  of  a  mo- 
dern train.  They  were  all  very  well  and  good  at  their  birth  ;  then 
the  weight  of  the  train  was  in  proportion  to  their  rigidity,  but  now-a- 
days  we  see  ordinary  trains  four  and  five  times  the  weight  they  were 
ten  or  a  dozen  years  ago — still  we  have  the  same  engines  and  the  same 
wheels  set  to  do  twice  or  thrice  their  former  amount  of  work.  In  a 
few  cases,  however,  new  wheels  of  larger  scantling  have  recently  been 
introduced.  This  certainly  is  anything  but  fair,  and  the  requirements 
of  the  case  must  be  met  somehow  or  other.  Let  us  see  how  this  shall 
best  be  done.  Not  very  long  ago  we  were  witness  to  a  miserable 
blunder  committe<l  by  the  locomotive  superintendent  on  a  certain 
English  line  of  railway,  and  on  whom  the  proceeding  reflects  any- 
thing but  credit,  for,  had  the  results  which  '•ere  likely  to  follow  been 
seriously  weighed  beforehand,  we  can  scarcely  venture  to  believe  that 
such  a  gross  mistake  would  have  been  perpetrated.  The  facts  of  the 
case  are  the  following: — The  company  had  a  limited  number  of  en- 
gines, most  of  which  wore  made  some  thirteen  or  fourteen  years  ago, 
at  .  period  when  the  trains  they  hatl  to  draw  were  seldom  more  than 
one-half  the  weight  and  number  of  what  they  now  are,  still  the  same 
engines  were  expected  and  set  to  do  all  this  extra  amount  of  work ; 
the  consequence  was,  that  from  the  additional  number  of  journeys 
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•which  they  had  to  run,  say  nothing  about  the  amount  of  slipping  of 
the  driving  Avheels,  caused  by  the  heavy  load,  the  tyres  were  in  a 
comparatively  short  time,  loosened,  and  worn  out — so  much  so,  that 
the  annual  expenses  of  repairs  were  largely  increased  by  this  item,  at 
the  same  time  much  loss  was  suffered  by  the  engine  itself  having  to 
lay  by  the  time  during  which  the  tyres  were  being  turned  up  afresh, 
or  re-tyred,  as  the  case  might  be.  Thus  so  much  capital  was  doing 
nothing.  How  to  obviate  these  recurrences  was  the  problem  to  be 
solved,  and  in  what  way  was  this  done?  Heavy,  that  is  thick  tyres 
had  all  along  been  used ;  but  it  was  thought  that  if  these  were  in- 
creased in  thickness,  and  put  on  the  wheels  tighter  than  before,  that 
the  loosening  would  be  avoided,  and  that  the  wheels  would  run  much 
longer  without  being  re-tyred ;  but  we  shall  presently  see  if  this  was 
practically  the  result.  Tyres  of  a  monstrous  thickness  were  ordered 
(we  regret  we  cannot  state  the  exact  dimensions,  having  missed  our 
memoranda  respecting  them);  they  were  bored  of  little  less  interior 
diameter  than  had  been  the  practice  before  (with  thinner  tyres),  and 
put  upon  wheels  about  6  feet  in  diameter ;  the  consequence  was,  that 
after  lifting  the  first  wheel  out  of  the  cooling  cistern,  the  spokes, 
straight  beforehand,  were  found,  each  one,  to  be  curved  to  no  slight 
amount.  This,  however,  was  passed  over  quite  lightly,  as  if  merely 
nothing  of  consequence,  and  so  several  sets  of  drivers  were  similarly 
served.  Some  of  them  were,  however,  soon  set  to  the  crucial  test. 
They  had  not  been  running  many  weeks  before  the  spokes  became 
still  more  curved,  and  the  wheels  loose  in  the  tyres,  the  heavy  Aveight 
of  which,  tumbling  about  on  the  wheels  when  running,  smashed  them 
through  and  through  every  division  between  every  two  adjoining 
spokes,  and  several  of  the  spokes  were  also  broken;  in  fact,  many  of 
the  wlieels,  when  the  tyres  were  taken  off,  fairly  fell  in  pieces — and 
thus  the  last  error  was  worse  than  the  first.  All  these  alterations 
made  with  the  view  of  saving  expenditure  !  Now,  we  venture  to  state, 
that  had  due  consideration  been  given  to  the  results  which  were  likely 
to  follow  from  such  a  proceeding,  no  such  course  could  have  been  en- 
tered upon  by  any  person  understanding  what  he  was  about.  The  re- 
sults were  predicted  by  others,  but  no  heed  was  taken  ;  nevertheless 
it  was  not  long  afterwards  discovered  that  the  despised  prophecy  was 
in  reality  too  true.  We  have  cited  this  instance  at  some  length,  mainly 
because  we  think  it  right  these  things  should  be  m.ade  public,  in  order 
that  others  may  be  warned  from  running  into  such  or  similar  errors. 
"We  think  it  unnecessary  to  enter  at  further  length  on  this  subject  at 
present,  and  conclude  by  recommending  urgent  attention  on  the  part 
of  British  engineers  to  the  advantages  resulting  from  the  employment 
of  disk  wheels  for  railway  purposes ;  still  it  must  be  remembered  that 
the  results  which  followed  from  above-named  proceedings  would  have 
occurred  with  a  wheel  of  any  make,  provided  the  tyre  was  constructed 
of  sufficient  section  and  put  on  tight  enough  to  crush  the  interior, 
which  must  have  given  way  in  some  shape. 
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Vaper  on  Foundations  for  Chimneys,  Blast  Furnaces,  JTeavj/  Ma- 
chinery^  c^-c.    Uy  Jeiil.miah  Head,  Engineer,  Stoektou-on-Tees. 

From  the  Lundun  Practical  Mechanic'!  Juurnal,  Joly,  18e4. 

Large  works,  such  as  blast  furnaces,  rolling  mills,  &c.,  are  generally 
sought  to  be  erected,  other  things  being  equal,  on  the  banks  of  a  navi- 
gable river.  The  advantage  of  a  private  wharf  is  the  reason  for  pre- 
ference given  to  such  sites. 

The  Cly(le,  Tync,  Wear,  Tees,  ITumber,  Thames,  Avon,  and  Mersey, 
have  each  of  them  their  banks  studded  more  or  less  with  manufacto- 
ries. Most  of  these  works  have  erections  requiring  sound  and  immov- 
able foundations,  as,  for  instance,  tall  chimneys,  furnaces,  and  heavy 
machinery,  and  it  frequently  happens  that  the  banks  of  rivers  afford 
only  the  very  worst  of  foundations. 


(ircun-if 


JFiy.2. 


)^rfhrfL» 


Take  the  Tees  for  instance,  the  heart  of  tlie  Cleveland  district,  and 
the  banks  of  wliich  are  becoming  rapidly  disposed  of  as  sites  for  vari- 
ous iron  works.  The  south  bank  consists  mostly  of  an  extensive  Hat 
marsh,  in  many  parts  as  much  as  four  feet  below  the  level  of  spring 
tides,  which  are  kept  in  check  by  an  artificial  bank.  A  section  of  the 
strata  gives  usually  a  crust  of  four  or  five  feet  of  alluvial  clay,  in  all 
pr(»bability  gradually  deposited  by  Hoods  from  the  river.  Below  the 
clay  we  have  from  five  feet  upwards  of  peat,  containing  trunks  of 
trees  which  have  known  other  days.  Below  that  again,  down  to  from 
twenty  to  thirty  feet,  we  find  a  soft  bluish  silt,  iucapable^of  affording 
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a  founrlation.  At  twenty  to  thirty  feet  there  is  often  either  good  clay 
or  a  hard  sand,  either  of  which  are  suflScient  to  satisfy  the  most  fasti- 
dious engineer. 

It  is  then  from  this  depth,  of  from  twenty  to  thirty  feet,  that  we 
must  support  our  fabric. 

There  are  two  ways  commonly  in  vogue  for  obtaining  a  foundation 
from  this  substratum.  The  one  is  to  excavate  down  to  it  and  fill  up 
entirely  or  partly  with  solid  concrete,  (see  fig.  1,)  the  other  is  to  pile, 
(see  fig.  2.) 

Both  these  methods  are  attended  with  disadvantages.  In  the  for- 
mer, the  ground  in  the  above  named  locality  is,  as  vulgarly  termed, 
*'rotten"  to  such  a  degree,  that  a  batter  of  one  to  one  is  necessary  to 
prevent  land  slips,  and  should  it  be  in  the  winter  season,  even  this  is 
insufficient.  This  is  supposing  that  a  foundation  of,  say  not  less  than 
twenty-five  feet  diameter  upon  the  substratum  as  for  a  chimney  is  ne- 
cessary. If  that  substratum  be  twenty  feet  below  the  surface,  the  ex- 
cavation must  be  20  +  20  +  25  or  65  feet  diameter  at  the  top,  which 
gives  about  3|  times  the  solid  content  of  what  would  be  necessary  if 
we  could  make  the  excavation  twenty-five  feet  at  the  top  and  dig  per- 
pendicularly down  without  batter. 

If  the  excavation  is  filled  up  with  solid  concrete,  there  is  the  draw- 
back of  the  expense  of  3|  times  as  much  as  is  actually  necessary,  as 
the  overhanging  parts,  A  a,  (fig.  1,)  take  a  bearing  only  on  the  "rot- 
ten "  soil,  which  we  suppose  at  starting  is  not  to  be  trusted. 

And  if  we  build  a  solid  cylinder  of  concrete,  equal  in  area  to  the 
bottom  of  the  excavation,  and  with  perpendicular  sides,  then  soil  must 
be  filled  in  all  round,  doubling  the  account  for  excavation  of  the  parts 
A  A,  or  in  figures  making  it  3i  less,  1  =  2|^  x  2  =  5  times  the  content 
of  the  solid  cylinder  B,  i.e.  five  times  more  than  is  necessary. 

And  yet  we  cannot  get  the  25  feet  circle  upon  the  solid  substratum 
"without  all  this  extra  labor  upon  this  system.  Another  objection  is 
the  form  of  this  kind  of  foundation.  According  to  all  mechanical  prin- 
ciples the  base  of  any  structure  should  be  the  broadest  part,  the  work 
gradually  narrowing  as  it  ascends,  like  a  basin  with  its  open  side  down- 
wards. 

But  on  this  plan  from  the  difficulty  in  excavating  in  any  other  way, 
the  foundation  has  to  assume  the  form  of  a  basin  with  its  open  side 
upwards,  and  hence,  should  there  be  any  irregularity  of  weight,  or 
position  of  the  superstructure,  there  could  hardly  be  a  worse  form  to 
resist  a  tendency  to  roll.  Piling,  which  is  the  method  of  securing  a  good 
foundation  generally  preferred  in  such  cases,  is  liable  to  the  following 
objections,  viz : — 

1st — It  is  very  expensive,  and  if  the  piles  are  required  of  a  greater 
length  than  about  35  feet,  they  are  often  difficult  to  obtain  at  any 
price. 

2d — If  the  pile  heads  project  above  the  surface  they  are  liable  to 
decay  at  the  surface  line.  If  the  concrete,  usually  placed  about  their 
beads  and  crown-trees  to  keep  them  in  position,  be  upon  rotton  ground, 


^^-V"! 


On  Foundatiom  of  Chimneys,  Blast  Furnaces,  <fc.  IGl 

as  in  the  case  assumed,  it  frequently  subsides,  tearing  itself  away  from 
the  crown-trees,  and  leaving  the  pile  heads  liable  to  decay. 

If  Hues,  kilns,  or  stoves  puss  near  them,  the  crown-trees  are  apt  to 
get  charred  or  burned,  letting  down  the  superstructures.  A  case  of 
several  air  stoves,  for  blast  furnaces,  being  rebuilt  from  this  cause,  has 
lately  come  under  the  writer's  notice. 

To  obviate  these  diiriculties,  the  writer  would  submit  a  plan  which 
he  has  patented,  and  believes  to  be  new,  having  never  seen  or  heard  of 
it  before. 

Although  it  is  not  practicable  to  dig  down  twenty  feet  in  "rotten" 
grouml,  to  obtain  a  circle  of  2o  feet  diameter,  and  upwards,  without 
allowing  so  much  batter  as  to  increase  the  cost  of  excavation  most 
materially;  it  has  been  found  by  experiment  perfectly  possible  to  sink 
a  well  of,  say  6  to  8  feet  diameter,  perpendicularly  down  to  that  depth, 
without  any  fear  of  land  slips. 

The  circle  is  so  small  that  the  surrounding  strata,  pressing  together, 
feel  the  resistance  of  the  arch  form,  and  neutralize  one  another. 

It  is  proposed,  then,  to  take  advantage  of  this  fact,  to  make  the 
foundations  of  a  series  of  wells,  dug  one  by  one,  in  order  to  keep  the 
work  perfectly  under  control,  and  filled  up  with  concrete  or  slap;  wall- 
ing, i.e.,  rough  rubble  walling,  formed  with  lumps  of  blast  furnace 
slag,  a  material  greatly  abounding  in  the 
above  locality.  If  a  greater  depth  than  24 
feet,  or  if  the  nature  of  the  stratum  renders  it 
necessary  at  a  less  depth,  it  is  recommend- 
ed to  make  the  wells  s(|uare,  with  two  planks 
at  each  corner  placed  vertically,  each  taking 
a  side  of  the  corner;  these  planks  to  bo 
strutted  at  intervals  in  the  depth  ;  they  are 
to  be  hammered  down  as  the  work  pro- 
ceeds, an(i  drawn  out  as  the  concrete  rises. 
An  immediate  stage,  with  an  extra  hand 
upon  it,  will  lift  all  the  soil  down  to  a  depth 
of,  say,  lii  feet,  below  which  a  jack-roll 
and  buckets  will  be  necessary.  2s'ear  the 
bottom  it  is  recommended  to  widen  the  base 
of  the  excavation  slightly,  in  order  to  ineease 
the  footing  of  the  concrete  pillar.  It  is  ob- 
vious, that  by  this  plan,  insteatl  of  the  foun- 
dation being  firmest  under  the  centre  of 
the  chimney,  or  other  structure,  forming  a 
pivot  upon  v.liich  it  might  tend  to  work,  the 

concrete  pillars  may  be  disposed  more  at  the  corners,  forming  a  spread- 
ing base  which  is  the  desire<i  end  to  obtain. 

The  platform  on  which  to  commence  building  would,  on  this  system, 
be  formed  also  of  concrete  or  slag  walling,  say,  five  feet  thick,  and 
moulded  in  the  following  manner  : — The  wells  having  been  filled  up 
10  A,  fig.  3,  within,  say,  0  or  8  feet  of  the  base  line  of  the  structure, 
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they  would  then  be  widened  out,  working  from  a  round  section  into  a 
square  one,  if  a  round  section  has  been  adopted.  The  intermediate  soil 
must  then  be  cut  into  the  form  of  a  soffit  of  a  ground  arch,  and  the  con- 
crete made  up  to  the  ground  line  in  the  form  shown  in  fig.  3. 

This  foundation,  besides  the  advantages  of  easy  execution,  wide 
spread  base,  and  minimum  cost,  possesses  the  very  great  one  of  being 
formed  only  of  imperishable  materials. 

We  will  now  compare  the  costs  of  foundations  on  the  three  difierent 
plans  for  a  chimney,  say  500  tons  in  weight  where  the  substratum  was 
:20  feet  deep. 

1st.  Solid  Concrete  Foundation,  25  feet  diameter  at  bottom,  Go  feet  at  top,  and  20 

feet  deep — (lis:.  1.) 
Excavation,  l:i72  cubic  yards,  at  7M,  •  •  £30  15  0 

Cylinder  of  concrete,  2-3  feet  diameter  and  20  feet 

deep,  363  cubic  yards,  at  3s.  6d.,  •  •  Go  10  G 

1272 — 3G3=:ltO'J  cubic  yards,  at  7id.  for  filling  up 

round  concrete,  •  •  •  •  28     0  0 

Pumping,  say,  ....  20    0  U 


2d.  Pile  Foundation— (fig.  2.) 

16  piles,  3U  feet  long,  at  Gs.  each  driver. 

Crown-trees,  260  feet,  at  2s, 

3  planking  overtops,  lOoG  feet,  at  -Id, 

Excavation,  274  yards,  at  7id, 

Concrete,  182  yards,  at  os.  Od., 

Spikes, 

Use  of  pile  driver,  say, 


If  the  under  crown-trees  alone  were  whole  timbers,  and  the  upper 
ones  half-timbers,  6  inches  apart,  thus  forming  the  platform  and  doing 
away  with  three  inches  planking,  a  better  job  would  be  made,  but  the 
cost,  £  144. 

od.  Arched  Foundation — (fig.  3.) 

9  wells,  G  feet  diameter,  each  21  cubic  yards, 
platform  30  feet  square  and  5  feet  deep,  say  300 
yards  of  excavation,  at  7Ad, 
30(1  yards  of  concrete  or  slag  walling. 
Pumping,  say  at  3s.  Gd., 
Labor  for  jack-roll,  say, 
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It  thus  appears  that  the  arched  system,  besides  the  advantages  of 
better  mechanical  form  and  imperishability,  would  cost  in  the  case 
assumed  little  more  than  half  as  much  as  either  of  the  usual  methods. 

In  some  cases  it  may  be  advisable  to  carry  out  the  same  principle 
by  excavating  in  deep  trenches,  either  in  straight  lines  or  in  circles, 
and  filling  up  and  arching  over,  as  explained  above.  An  annular  ex- 
cavation, with,  perhaps,  a  single  massive  pillar  in  the  middle,  is  par- 
ticularly recommended  where  there  is  not  room  for  an  extended  base 
on  pillars,  as,  for  instance,  two  or  more  blast  furnaces  close  together. 
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The  excavation  while  in  progress  is  strutted  from  side  to  side  to  pre- 
vent it  falling  in,  and  is  filled  up  with  concrete  or  slag  walling  as  it 
advances. 
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[Roport  of  Chiff  EiiLjineer,  March  8,  1804.] 

From  til''  Ixxid.  I'ntcticiil  Mvchanic's  Juurniil.  April,  1S64. 

This  report  was  a  double  one,  embracing  the  month  of  January  as 
well  as  that  of  February — since  the  annual  meeting  having  been  lield 
upon  the  same  day  as  the  last  ordinary  monthly  one  of  the  Executive 
Committee,  the  consideration  of  engineering  matters  had  then  been 
j)0.stponed  till  the  next  meeting.  Of  this  report  the  following  is  an 
abstract : — 

"  During  the  last  two  months,  i.e.,  from  January  1st  to  February 
19th,  inclusive,  the  ordinary  visits  of  inspection  have  been  made ;  2 
boilers  tested  by  hydraulic  pressure,  and  307  defects  discovered  in  the 
Ijoilers  examined,  10  of  which  were  dangerous.  Details  of  these  defects 
will  be  found  in  tiie  following  statement: — 

Furnaces  out  of  shape  .5;  fractures  8  (1  dangerous);  blistered  plates 
3(1  dangerous);  corrosion  45  (5  dangerous);  grooving-internal  0  ;  feed 
apparatus  out  of  order,  1  ;  water-gauges  ditto,  45  (2  dangerous) ;  blow 
out  apparatus  ditto,  43;  fusible  plugs  ditto,  1;  safety-valves  ditto  5; 
])ressurc-gaugos  ditto,  13  (1  dangerous) ;  boilers  without  glass  water- 
gauges,!  4  ;  without  pressure-gauges  4;  without  blow-out  apparatus  24; 
without  feed  back-pressure  valves,  83;  cases  of  over  pressure,  5;  defi- 
ciency of  water,  2 ;  in  all  307. 

Of  some  of  the  defects  enumerated  above  a  few  particulars  may  be 
given: 

Blistered  Plates. — A  blister,  measuring  24  inches  by  12  inches,  and 
three-sixteenths  of  an  inch  in  thickness,  has  been  met  with  insiile  an 
internally-fired  boiler,  8  feet  in  diameter,  and  working  at  a  pressure  of 
45  lbs.  on  the  square  inch. 

Corrosion — Internal. —  In  two  boilers,  though  only  eighteen  months 
oltl,  the  plates,  which  had  been  seven-sixteenths  of  an  inch  thick  origi- 
nally, were  found  to  be  eaten  half  through,  while  the  rivet  heads  also 
were  attacked.  The  plates  were  honey-combed,  being  afl'ected  more 
severely  at  the  furnace  than  at  the  back  end  of  the  boiler.  The  feed- 
water  used  was  drawn  from  a  well. 

In  another  boiler  wliieli  was  of  l^ancashire  construction,  and  fed  from 
the  Knehdale  Canal,  the  furnace  erowns  presented  a  spongy  appearance, 
and  cliannelinj;  had  set  in  at  the  transverse  seams,  which  is  unusual 
in  internal  fiue  tubes;  also  the  rivet  heads  and  angle  irons  were  attack- 
ed, as  well  as  the  whole  boiler  generally.  Some  of  the  channels  were 
cut  half  through  the  plate,  while  many  of  the  other  indentations  ex- 
ceeded this. 
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Internal  corrosion  has  been  successfully  arrested,  in  many  cases  by 
the  use  of  carbonate  of  soda,  introduced  in  small  and  frequent  quantities 
■with  the  feed-water. 

Corrosion — External. — Two  wagon  boilers  were  found  to  be  so  cor- 
roded along  the  brick-work  seating,  that  holes  could  be  scraped  through 
the  plates. 

Two  Lancashire  boilers,  set  upon  side  walls,  though  free  from  leak- 
age at  the  seams  of  rivets,  were  found  on  "thorough"  examination,  to  be 
seriously  corroded  at  the  seating,  in  consequence  of  water,  arising  from 
the  discharge  of  the  safety  valves,  &c.,  being  allowed  to  fall  upon  them. 

Two  other  instances  occurred  to  Lancashire  boilers,  in  consequence 
of  their  being  set  upon  mid-feather  walls.  It  is  always  recommended 
that  a  portion  of  this  wall  should  be  removed,  by  way  of  preparation 
for  a  "thorough"  examination,  otherwise  the  true  condition  of  the 
plates  cannot  be  ascertained.  In  this  instance,  this  recommendation 
was  not  complied  with  in  time  for  the  inspector's  examination,  so  that 
he  was  unable  to  see  the  amount  of  corrosion  going  on.  But  upon  this 
recommendation  being  subsequently  adopted,  the  plates  were  found  to 
be  so  dangerously  eaten  away,  that  the  owner  at  once  condemned  the 
boiler,  and  our  inspector  found  it  removed  on  his  next  visit.  In  the 
other  case,  the  plates  over  the  mid-feather,  in  the  neighborhood  of 
the  transverse  seams,  were  found  to  be  reduced  in  places  to  one-eighth 
of  an  inch  in  thickness. 

Four  cases  of  external  corrosion  occurred  at  the  bottom  of  the  shells 
of  internally-fired  tubular  boilers,  on  account  of  the  unequal  expansion 
of  the  metal,  consequent  on  the  imperfect  circulation  of  the  water. 
The  constant  straining  induced  by  this  unequal  expansion  had  pro- 
duced leakage  at  the  transverse  seams,  and  thus  corroded  the  plates. 
In  such  cases  caulking  is  of  little  use.  In  many  boilers  of  this  class 
under  inspection,  the  edge  of  the  overlap  has  been  so  repeatedly  trim- 
med and  recaulked,  that  the  margin  beyond  the  rivets  has  been  at 
length  all  cut  away.  The  only  radical  cure  is  to  maintain  the  Avhole  of 
the  shell  at  an  equal  temperature,  and  this,  in  many  cases,  has  been 
found  to  be  sufficiently  accomplished  by  carrying  a  return  flue  under 
the  bottom  of  the  boiler. 

Two  other  cases  arose  from  leakage  at  the  tube  ends  of  multitubular 
boilers,  from  which  the  plates  at  the  bottom  of  the  combustion  cham- 
bers were  nearly  eaten  through. 

Pressure  gauges  out  of  order. — One  has  been  met  with  which  only 
indicated  14  lbs.  as  the  blowing  off  pressure,  while  it  proved  to  be  as 
much  as  35  lbs.  This  shows  the  importance  of  all  boilers  being  fitted 
with  suitable  taps,  in  order  that  he  iiii^pector  may  apply  his  indicator, 
so  as  to  ascertain  the  actual  pressure,  and  check  the  accuracy  of  the 
Steam-gauge  at  each  of  his  visits. 

Explosions. — An  explosion  occurred  on  Wednesday,  December  30, 
1863,  which  was  not  reported  in  tin»e  to  take  its  place  in  last  year's 
list,  so  that  the  number  of  explosions  for  the  year  1863,  which  came 
under  the  notice  of  the  Association,  will  now  stand  as  48 ;  while  the 
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number  of  persons  killed  and  injured  will  remain  unaltered,  since, 
happily,  no  one  was  hurt  by  the  explosion  just  referred  to. 

The  boiler  in  question,  which  was  not  under  the  care  of  this  Asso- 
ciation, was  of  plain  cylindrical  egg-ended  construction,  and  exter- 
nally fired. 

The  cause  of  the  explosion  was  simply  neglect  on  the  part  of  the 
engine-tender,  who  allowed  the  boiler  to  get  short  of  water.  In  con- 
sequence of  this  the  plates  over  the  fire  became  red-hot,  and  so  weak- 
ened, that  rupture  ensued.  Though  the  rent  was  confined  to  the  bot- 
tom of  the  shell  immediately  over  the  fire,  the  boiler  Was  blown  from 
its  seat  and  thrown  upon  the  ground,  bottom  upwards;  while  another, 
working  alongside,  was  also  dislodged,  and  thrown  to  a  greater  distance 
than  the  one  that  burst. 

The  engine-tender  was  prosecuted  for  neglect,  and  sentenced  to  a 
month's  imprisonment  with  liard  labor. 

Of  No.  47  explosion,  which  occurred  on  December  31,  18G3,  some 
additional  particulars  of  interest  have  been  obtained  since  the  issue  of 
the  last  report. 

The  boiler  referred  to  was  No.  1  of  a  series  of  three,  connected  to- 
gether and  working  side  by  side,  all  of  them  being  of  plain  cylindrical 
egg-ended  construction,  and  externally-fire<l.  The  furnace  end  was 
rent  into  five  or  six  pieces,  and  the  fragments  scattereil,  some  of  them 
being  blown  to  a  considerable  height,  while  the  remaining  portion  of 
the  shell  was  thrown  from  its  original  position,  and  the  seating  alto- 
gether destroyed. 

It  is  of  interest  to  note  Tiic^*  ♦'le  adjoining  boiler  was  also  dislodged,  and 
battered  in  at  its  side  for  nearly  half  its  length,  since  it  affords  an 
illustration,  by  no  means  the  first  that  has  been  met  with,  of  the  man- 
ner in  which,  what  may  be  termed  compound  explosions  arise,  and 
which  it  appears  spring  from  externally-fired  boilers  only, 

From  the  commencement  of  the  present  year  up  to  February  19, 
five  explosions  have  to  be  reported,  from  which  fifteen  lives  have  been 
lost,  and  also  twelve  persons  injured,  some  of  them  very  severely.  Not 
one  of  the  boilers  in  question  was  under  the  charge  of  this  Association. 

These  explosions  have  not  all  been  personally  investigated,  and  w  hen 
such  is  the  case,  the  Association  is  fre(iuently  indebted,  as  in  the  pre- 
sent instance,  to  engineers,  who,  residing  in  the  respective  localities 
of  the  explosions,  and  having  the  opportunity  of  making  examinations, 
kindly  furnish  the  detailed  reports  and  sketches. 

No.  1  Explosion. — The  boiler  in  question  worked  at  a  colliery,  and 
was  not  under  the  charge  of  this  Association.  It  was  one  of  a  series 
of  two  working  side  by  side,  both  of  them  beifig  of  balloon  or  haystack 
shape,  13  feet  in  diameter,  and  having  their  safety-valves  loaded  to 
14  lbs.  per  scjuare  inch,  although  usually  the  engine  worked  with  steam 
at  a  pressure  of  5  lbs.  only. 

The  explosion  took  place  on  a  Monday  morning,  the  boiler  and  the 
engine  having  been  at  rest  on  the  previous  day.  The  weather  was 
frosty  at  the  time,  and  the  feed  pipe,  as  was  found  upon  exauiinaiioii 


166  3Iechanics,  Physics,  and  Chemistry. 

after  the  explosion,  became  choked  with  ice.  This  cut  oflF the  supply 
to  the  boiler,  and  it  consequently  exploded  from  shortness  of  water. 

The  boiler  was  rent  into  seven  pieces,  the  steam  pipes  broken  up,  a 
portion  of  the  engine-house  thrown  down,  and  the  top  of  the  chimney- 
stack  damaged.  The  fragments  of  the  shell  and  steam  pipes,  as  well 
as  the  debris  of  the  building,  were  scattered  to  a  considerable  distance, 
but  althoufrh  there  were  one  hundred  and  twenty  men  in  the  vicinity 
of  the  boiler,  and  many  of  the  Hying  bricks  struck  the  roof  of  an  ad- 
jacent cottage,  in  which  its  residents  were  sleeping  at  the  time,  yet 
happily  no  one  was  injured. 

No.  2  Explosion,  which  resulted  in  the  death  of  one  man,  occurred 
to  a  boiler  not  under  the  inspection  of  this  Association,  and  employed 
driving  an  engine  attached  in  a  limestone  pit. 

It  appears  that  the  boiler  was  6  years  old  and  one  of  a  series  of  two, 
working  side  by  side,  and  connected  together,  both  of  them  being  of 
plain  cylindrical  egg-ended  construction,  and  externally-fired.  The 
length  of  the  one  in  question  was  31  feet  8  inches,  the  diameter  7  feet 
and  the  original  thickness  of  the  plates  from  three-eighths  to  seven- 
sixteenths  of  an  inch  ;  while  the  pressure  to  which  the  safety-valve  was 
loaded  was  48  ft)s.  This,  however,  would  be  exceeded  whenever  the 
steam  blew  off  at  all  briskly,  and,  since  there  was  no  steam-gauge,  the 
exact  pressure  would  not  be  known.  Excepting  the  omission  of  the 
steam  pressure-gauge,  which,  though  too  common,  should  never  occur, 
the  boiler  was  fitted  with  such  mountings  as  are  usual  to  its  class,  and 
might  have  been  safely  worked  at  a  pressure  of  50  lbs.  as  long  as  it 
was  in  good  condition. 

Such,  however,  was  not  the  case.  Leakage  had  been  going  on  for 
some  time  on  the  top  of  the  boiler,  both  at  the  seams  of  rivets  and  at 
the  joint  of  the  feed-pipe,  which  was  not  riveted  to  the  shell,  as  it 
should  have  been,  but  merely  bolted.  The  water  from  this  leakage  ran 
down  and  corroded  both  sides  of  the  boiler,  though  it  affected  the  right 
hand  one  more  especially,  the  plates  of  which  it  reduced  in  thickness 
to  nearly  one-sixteenth  of  an  inch,  for  a  length  of  about  8  feet  horizon- 
talh%  just  at  a  part  concealed  from  view  by  the  brick-work  in  which 
the  boiler  was  set.  At  this  weakened  part,  which  was  below  water- 
line,  the  shell  rent  in  the  first  instance,  and  then  tore  from  end  to  end, 
opening  out  nearly  flat  and  separating  into  three  pieces. 

All  these  fragments  were  thrown  from  their  original  position,  one 
of  them  to  a  distance  of  a  few  feet  only,  and  the  other  two  about  40 
yards  across  a  colliery  railway.  The  seating  of  the  boiler  was  torn  up, 
the  engine-house  shattered  and  unroofed,  and  the  debris  scattered  in 
every  direction.  The  man  who  lost  his  life — though  standing  on  the 
opposite  side  of  a  canal  to  that  on  which  the  explosion  occurred,  and  at 
a  distance  of  about  40  yards — was  struck  by  a  brick  shot  away  by  the 
percussive  action  of  the  steam,  and  died  shortly  afterwards  from  the 
effects  of  the  blow  ;  while  the  engine-driver  and  another  man  in  the 
engine-house  escaped  comparatively  uninjured. 

It  appears  that  there  Avas  plenty  of  water  in  the  boiler  at  the  time 
that  it  burst,  and  there  is  no  need  of  the  supposition,  that  any  unusual 
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pressure  of  steam  existed,  since  the  fact  of  the  plates  being  thinned  by 
corrosion,  as  they  were  found  to  be,  is  quite  sufficient  by  itself  to 
account  for  the  explosion. 

At  the  inquest,  the  owner  of  the  boiler,  through  his  solicitor,  attempt- 
ed to  prove  the  engine-man  at  fault,  and  show  that  the  explosion  was 
due  to  excessive  pressure  of  steam,  consequent  on  his  negligence,  and 
not  to  the  defective  condition  of  the  boiler.  The  jury,  however,  re- 
turnccl  a  verdict  of  manslaughter  against  the  proprietor,  as  well  as  the 
superintending  engineer  of  the  works,  both  of  whom  it  appears  had 
been  apprized,  more  than  once,  of  the  leakage  which  was  going  on, 
and  their  attention  called  to  the  necessity  of  further  examination. 
The  verdict  of  the  jury  was,  however,  shortly  after  set  aside  on  ac- 
count of  informality. 

No.  3  Explosion,  from  which  one  person  was  injureil,  but  hapj)ily 
jio  one  killed,  occurred  to  a  boiler  not  em|)loyed  in  the  generation  of 
steam  power,  but  for  heating  and  ventilating  a  public  building.  This 
boiler  was  not  under  the  inspection  of  this  Association. 

It  will  be  seen  by  the  date,  (January  11th,)  that  this  explosion  took 
place  (luring  the  severe  frost  at  the  commencement  of  the  year;  while 
two  other  explosions  happened  to  household  boilers,  just  about  the  same 
time,  by  which  one  person  was  killed  and  three  others  injured.  It  was 
through  the  frost  that  these  explosions  arose.  The  water  in  the  pipes 
fro7A'  and  thus  the  outlets  became  choked,  and  the  steam  pressure  bottled 
up,  so  that  on  the  fire  being  maintained  for  a  sufficient  time  explo.-ion 
became  inevitable  from  accumulated  pressure.  As  long  as  the  Avaicr 
in  these  boilers  retains  its  liquid  state  its  own  inlet  column  forms  a 
natural  safety-valve,  but  since  this  action  is  entirely  arrested  on  the 
occurrence  of  frost,  every  boiler  employed  for  heating  and  ventilating 
])ublic  buildings,  as  well  as  those  for  household  purposes,  shouM  be 
iittcd  with  an  efficient  mechanical  safety-valve,  which  would  remain 
unaffected  by  changes  of  temperature.  The  importance  of  this  with 
regard  to  domestic  boilers  is  too  apt  to  be  overlooked,  but  I  have  known 
neglect  of  this  precaution  to  result  in  fatal  consequences  in  more  than 
one  instance. 

No.  5  Explosion  was  of  a  very  serious  character,  resulting,  not  only 
in  considerable  damage  to  property,  but  also  in  the  death  of  thirteen 
persons,  and  in  injury,  which  in  some  cases  was  very  severe,  to  ten 
others.  It  took  place  at  an  iron  works,  the  boilers  of  which  were  not 
under  the  charge  of  this  Association.  The  scene  of  the  explosion  has 
been  personally  visited,  and  the  cause  investigated,  but,  since  the  coro- 
ner's inquiry  is  still  pending,  the  publication  of  the  particulars  is  de- 
ferred to  the  next  monthly  report. 

P.S. — Since  the  above  report  was  closed,  which  only  extends,  a3 
stated,  to  the  19th  of  February  last,  another  most  serious  explosion, 
resulting  in  the  death  of  ten  persons,  as  well  as  injury  to  seventeen 
others,  has  occurred  at  an  iron-works  to  a  boiler  not  under  the  charge 
of  this  Association.  The  scene  of  the  catastrophe  has  been  personally 
visited,  and  the  particulars  will  be  given  in  the  monthly  report  for 
March  to  which  the  explosion  belongs. 
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It  will  be  observed  that  already  tweuty-five  persons  have  been  killed 
since  the  commencement  of  the  year  by  the  six  explosions  which  have 
occurred. 


On  Alloys  Containing  Tungsten. 

From  the  London  Mechanics'  Magazine,  March,  1864. 

Caron  has  instituted  a  series  of  experiments  by  order  of  the  French 
Minister  of  War  to  determine  the  influence  produced  by  tungsten  upon 
the  qualities  of  bronze,  cast  iron,  and  steel.     The  only  French  mine 
from  which  tungsten  is  obtained  in  quantity  belongs  to  M.  Dubreuil, 
and  is  situated  at  Puy-les-Viques  near  St.  Leonard,  in  the  department 
of  the  Haute  Vienne.     The  Avolf-ram  is  here  pulverized  and  roasted 
to  separate  sulphur  and  arsenic.    In  this  state  it  could  be  sold  at  2f'G0 
the  kilogramme,  but  it  is  better  to  reduce  it  to  the  metallic  state  by 
heating  with  enough  carbon  to  reduce  the  metals.    The  crude  tungsten 
contains  iron,  manganese,  and  carbon,  and  is  now  sold  at  3f*75  the 
kilogramme,  a  price  which  will  probably  be  still  further  reduced.  Tung- 
sten as  thus  prepared  was  found  incapable  of  forming  true  alloys  with 
copper,  tin,  and  gun-metal,  the  latter  becoming  less  homogeneous  and 
less  tenacious  than  ordinary  bronze,  although  harder.     The  addition 
of  tungsten  to  cast  iron  was  found  on  the  contrary  to  increase  both 
the  hardness  and  tenacity  in  about  the  same  ratio  with  the  quantity 
of  tungsten  added.    Even  a  small  pcrcentiige,  not  exceeding  one  per 
cent,  of  tungsten,  was  found  to  exert  a  marked  influence,  the  grain  of 
the  iron  becoming  regular,  fine  and  grayish,  and  the  fracture  showing 
great  homogeneity.     The  addition  of  tungsten,  to  steel  was  found  al- 
ways to  increase  both  its  hardness  and  its  tenacity.     The  alloy  exhi- 
bits a  peculiar  fracture  with  a  brilliant  lustre,  so  that  tungsten  steel 
is  easily  recognised  by  a  practised  eye.     Poor  steel  requires  more 
tungsten  than  steel  of  good  quality.     A  good  cement  steel  alloyed 
with  5  per  100  of  tungsten  gave  a  steel  of  excessive  hardness  which, 
however,  forged  very  well,  though  it  required  much  more  force  than 
ordinary  steel.     After  tempering,  it  acquired  a  hardness  comparable 
only  to  that  of  the  hard  white  cast  iron.     A  gun  barrel  made  of  steel, 
which  on  analysis  proved  to  contain  tungsten,  withstood  the  explosion 
of  a  charge  Om.6  in  length  and  weighing  150  grammes,  with  5  balls 
of  lead  weighing  135  grammes.     The  author  succeeded  in  obtaining 
a  steel  of  similar  quality  by  fusing  together  in  an  earthen  crucible  at 
a  very  high  temperature,  2U0  grammes  of  highly  carburetted  steel,  800 
grammes  of  good  iron,  and  20  grammes  of  tungsten.     In  conclusion, 
Caron  confidently  recommends  the  employment  of  tungsten  to  improve 
the  qualities  of  steel,  and  shows  that  with  tungsten  at  3f-70  the  kilo- 
gramme, the  price  of  steel  would  be  increased  by  only  7  or  8  franca 
the  100  kilogrammes. — Ann.  de  Chimie. 
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3.  Discovery  of  the  Pressure  of  the  Jiir. — Some  years  after  the  pub- 
lication of  the  "Mathematical  Dialogues,"  a  work  "On  Motion"  ap- 
peared, the  ingenuity  of  whicli  so  struck  Galileo,  that  he  sought  the 
acfinairitance  of  its  author,  Torricelli.  Torricelli*  became  the  pupil 
of  Galileo,  but  he  was  not  long  (lestincd  to  study  under  so  great  a 
master,  for  three  months  after  their  first  aequaintanco  Galileo  died  ; 
not,  however,  before  he  had  imparted  to  his  puj)il  much  of  the  know- 
ledge acquired  during  a  most  active  scientific  life,  and  had  exhorted 
him  to  investigate  the  cause  of  several  unexplained  phenomena,  among 
others  that  of  the  limited  height  to  which  water  rises  in  a  pump. 

In  making  some  experiments  with  a  view  of  arriving  at  the  cause 
of  this  latter  phenomenon,  Torricelli  filled  a  tube,  closed  at  one  end, 
four  feet  long  and  a  quarter  of  an  inch  in  diameter,  with  the  heaviest 
liquid  he  could  find,  viz  :  mercury,  and  inverted  it  in  a  basin  of  the 
same  liquid  ;  instead  of  the  mercury  remaining  suspendctl  in  the  tube, 
as  water  would  have  done,  it  sank  to  such  an  extent  that  its  height 
above  the  surface  of  the  mercury  in  the  basin  was  about  30  inches. 
Torricelli  concluded  that  this  result  was  produced  by  the  air  pressing 
on  the  surface  of  the  mercury,  but  other  philosophers  preferred  to 
attribute  it  to  Nature's  horror  of  a  vacuum. 

In  1044,  an  account  of  the  experiment  was  sent  to  Mersennus,t 
Avho  conceived  that  there  were  small  hooks  in  the  atmosphere  which 
supported  the  column  of  mercury  in  tiie  tube. 

Pascal];  was  not  in  Paris  when  Torricelli's  experiment  was  first 
made  known  there,  and  did  not  hear  of  it  till  lt)4t>.  lie  immc<liately 
made  some  experiments  on  the  subject,  antl  published  an  account  of 
them  in  1047,  in  a  treatise  entitled  '"  NoNv  Exju'rimeuts  concerning 
the  Vacuum,"  from  which  we  select  the  following: 

A  glass  syringe  with  an  accurately  fitting  piston  was  placed  entirely 
in  water,  the  open  end  closed  by  the  finger,  ami  the  piston  raised.  An 
empty  space  was  apparent  in  the  syringe,  and  the  finger  was  stroi^gly 
pressed  against  the  glass,  but  by  increasing  the  magnitude  of  the 
empty  space,  no  greater  pressure  was  felt  by  the  finger.  When  the 
closed  end  was  opened,  water  immediately  filled  the  empty  space. 

A  glass  tube  46  feet  long,  open  at  one  end  and  sealed  hermetically 
at  the  other,  was  filled  witU  red  wine,  ami  inverted,  the  open  end  be- 
inc  placed  in  a  vessel  of  water.  The  eoluinn  of  wine  sank  till  it  re- 
mained  at  the  height  of  o-  feet§  above  the  surface  of  the  water.  When 
the  tube  was  inclined,  so  that  no  part  of  it  was  more  than  32  feet  above 
the  water,  the  wine  rose  and  entirely  filled  the  tube. 

A  syringe  was  placed  in  a  vertical  position,  and  its  open  end  plunged 
in  mercury  ;  on  raising  the  piston,  mercury  was  ol>served  to  follow  it, 
*  Born,  KiOS.     piod.  If.lT.  f  Horn.  l.'.SS.     Died.  164S. 

I  Born,  10'J:3.     Dii-J,  liltl-J.  §  A  Iwl  =  1  foot  1125  inch. 
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until  a  height  of  2  feet  3  inches  had  been  attained,  beyond  which,  how- 
ever much  the  piston  might  be  raised,  the  mercury  refused  to  ascend. 

From  these  and  several  other  experiments,  Pascal  declares  it  to  be 
his  belief  that  the  space  above  the  mercury  in  Torricelli's  experiment 
is  not  full  of  either  ordinary  air  or  that  air  which  some  philosophers 
assert  is  inclosed  in  the  pores  of  all  bodies,  or  of  air  remaining  by 
chance  between  the  liquid  and  the  glass,  nor  does  it  contain  vapor  of 
mercury,  or  that  subtle  air  said  by  some  to  be  mixed  with  ordinary 
air.     It  is  veritably  void  and  destitute  of  all  matter. 

These  views  were  combated  by  Father  Noel,  a  Jesuit,  who  believed 
that  the  space  above  the  mercury  was  only  an  apparent  void.  Noel 
affirmed  that  just  as  that  which  we  call  blood  is  a  mixture  of  bile, 
phlegm,  "melancolie,"  and  of  blood,  so  that  which  we  call  air  is  a 
mixture  of  fire,  air,  water,  and  earth.  The  fire  and  air,  being  more 
subtle  than  the  water  and  earth,  can  penetrate  glass,  and  the  space 
which  Pascal  had  stated  to  be  absolutely  vacuous  he  believed  to  be 
filled  with  a  pure  air,  compelled  to  separate  from  its  grosser  part  by 
the  weight  of  the  column  of  mercury,  which  dragged  it  through  the 
pores  of  the  glass.  These  objections  were  answered  by  Pascal,  and 
their  fallacy  proved  beyond  dispute. 

In  the  "  New  Experiments  concerning  the  Vacuum,"  Pascal  had 
given  no  actual  proof  that  the  suspension  of  the  mercury  was  due  to 
the  pressure  of  the  air,  but  soon  after  the  publication  of  that  treatise 
he  thought  of  an  experiment  which  would  settle  the  matter  definitely 
one  way  or  the  other ;  but  as  it  was  impossible  to  try  it  in  Paris,  he 
wrote  to  his  friend  Perier,  who  resided  in  Auvergne,  and  begged  him 
to  make  the  experiment. 

In  his  letter  to  Perier,  which  was  written  on  November  15,  1647,* 
he  says  he  cannot  believe  that  Nature,  which  is  not  animate  or  sensible, 
can  be  susceptible  of  horror,  because  passions  presuppose  a  soul  capa- 
ble of  sharing  them.  He  believes  that  all  the  phenomena  attributed 
to  Nature's  horror  of  a  vacuum,  are  caused  by  the  pressure  of  the  air, 
and  has  devised  an  experiment  which  must  decide  the  matter.  "  This 
is  to  make  the  ordinary  experiment  of  a  vacuum,  several  times  in  the 
same  day,  in  the  same  tube,  with  the  same  quicksilver,  sometimes  at 
the  bottom,  and  sometimes  on  the  summit  of  a  mountain,  elevated  at 
least  500  or  600  toises,t  in  order  to  prove  if  the  height  of  the  quick- 
silver suspended  in  the  tube  will  be  equal  or  different  in  these  two 
situations.  You  undoubtedly  already  see  that  this  experiment  is  de- 
cisive of  the  question,  and  that  if  it  happens  that  the  height  of  the 
quicksilver  is  less  on  the  summit  than  at  the  bottom  of  the  mountain 
(as  1  have  many  reasons  for  believing,  although  all  those  who  have 
thought  on  this  matter  are  against  this  opinion),  it  will  follow  neces- 
sarily that  the  weight  and  pressure  of  the  air  is  the  only  cause  of  this 
suspension  of  quicksilver,  and  not  the  horror  of  a  vacuum,  since  it  is 
certain  that  there  is  more  air  which  presses  on  the  foot  of  the  moun- 
tain than  on  its  summit." 

*  See  '•  Recit  de  la  Grande  Experience  de  I'Equilibre  des  Liqueurs." 
t  A  toise  =  G -39459  feet. 
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Pascal  BujTgested  that  the  experiment  should  be  made  on  the  sum- 
mit of  the  I*uy  de  D*)rae,  a  mountain  in  Auvergne;  but  Pericr  was  at 
Mouiin.s  when  the  letter  reached  him,  and  was  unable  to  make  the 
trial  till  the  following  September,  more  than  eleven  months  after  the 
receipt  of  the  letter. 

On  September  10,  1648,  Perier  provided  himself  with  six  livres  of 
well  purified  mercury,  and  two  glass  tubes,  exactly  similar  in  evt^-ry 
respect,  4  feet  long,  an<l  closed  at  one  end.  The  tubes  were  lii!'  d 
with  mercury,  and  inverted  in  the  same  vessel,  at  the  base  of  the  I'uy 
de  Dome:  the  height  of  the  column  in  each  tube  was  found  to  be  ab- 
solutely the  same,  viz:  26  inches  3^  lines*  above  the  level  of  mer- 
cury in  the  vessel.  One  of  the  tubes  was  left  at  the  bottom  of  the 
mountain,  the  height  of  the  mercury  within  it  being  marked,  and  a 
man  appointed  to  watch  if  it  varied.  Perier  carried  the  other  tube 
and  part  of  the  same  mercury  to  the  summit  of  the  Puy  elevated  ab<)ut 
500  toises  above  its  base,  and  on  repeating  the  experiment,  the  height 
of  the  column  of  mercury  was  found  to  be  only  23  inches  2  lines  ;  '"  ce 
qui,"  writes  Perier,  "nous  ravit  tous  d'admiration  et  d'etonnement." 
The  experiment  was  rcpeate<l  five  separate  times  in  different  parts  of 
the  sunjinit  of  the  mountain,  with  the  same  result. 

During  the  descent  the  tube  was  filled  and  inverted  ;  at  Lafon  de 
I'Arbrc :  the  height  of  the  mercury  was  25  inches.  When  the  ex- 
periment was  repeated  at  the  bottom  of  the  mountain  in  the  same  tube, 
the  mercury  was  foun<l  to  remain  suspended  at  the  original  height  of 
20  inches  3J  lines,  and  the  column  in  the  tube  which  had  been  Icfti 
there  also  stood  at  that  height.  The  following  day  Perier  repeated 
the  experiment  at  the  top  and  bottom  of  Notre  Dame  de  Clermont, 
and  found  a  difl'erence  in  the  height  of  the  mercury  amounting  to  2 
lines. 

The  different  heights  of  the  column  of  mercury  at  the  various  ele- 
vations at  which  Perier  had  made  the  experiment  were  as  follows : 

At  Clermont,  ....  20  inches  3J  line*. 

7  toises  above  Clermont,     .  I'O       "      3       " 

27    <«•«•»  ...  2'>       "      1       •• 

About  150f  •«  2.5       "      0       " 

[)W  "  .  .  23       "      2       " 

These  results  wore  conimunicatcd  to  Pascal  in  a  letter  dated  Sep- 
tember 22,  1048,  and  they  fully  confirmed  the  views  which  he  had 
previously  held. 

The  Puy  de  D>^me  experiment  proved  indubitably  that  the  suopen- 
sion  of  the  mercury  in  Torricelli's  experiment  was  due  to  the  pressure 
of  the  air,  and  not  to  Nature's  horror  of  a  vacuum.  Hitherto,  not 
only  Torricelli's  experiment,  but  all  the  phenomena  which  were  at 
that  time  attributed  to  Nature's  horror  of  a  vacuum,  could  be  cx- 
jdained  enually  well  by  this  theory,  or  by  that  of  the  pressure  of  the 
air  ;  and  when  Torricelli  first  made  known  his  experiment,  men  pre- 

♦  12  linoa  !=  1  inch. 

t  From  the  height  at  which  tho  mercury  stood  Lafon  must  be  at  least  200  toisoi 
abuvo  Clermont. 
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ferred  to  explain  it  by  Aristotle's  theory,  which  had  been  received  for 
so  many  centuries,  rather  than  to  accept  a  new  explanation,  of  the 
truth  of  which  they  had  no  absolute  proof.  But  the  Puy  de  Dome 
experiment  supplied  the  absolute  proof  which  was  wanting,  for  (as 
Pascal  says  in  his  first  letter  to  Perier)  we  know  that  more  air  presses 
on  the  bottom  of  a  mountain  than  on  its  summit,  but  no  one  can  affirm 
that  Nature  has  a  greater  horror  of  a  vacuum  at  the  level  of  the  sea 
than  she  has  on  the  summit  of  a  mountain ;  if,  therefore,  the  column 
of  mercury  is  found  to  sink  the  higher  the  tube  is  carried,  proof  is  at 
once  afforded  of  which  theory  is  to  be  accepted,  as  truly  explaining 
not  only  Torricelli's  experiment,  but  the  whole  class  of  phenomena 
attributed  to  Nature's  horror  of  a  vacuum. 

This  was  one  of  the  first,  and  assuredly  one  of  the  greatest  applica- 
tions of  Bacon's  "  Instances  of  the  Cross,"*  and  I  do  not  know  a  more 
perfect  example  of  the  way  in  which  this  "  help  of  the  understanding" 
"was  intended  to  be  used  for  the  interpretation  of  Nature. 

For  more  than  2000  years  men  had  been  traveling  along  the  road 
pointed  out  to  them  by  Aristotle  ;  but  Torricelli,  although  he  kept  to  it 
for  some  distance,  at  a  certain  point  constructed  a  new  road,  branch- 
ing off  from  the  other,  which  he  conceived  would  lead  travelers  more 
surely  whither  they  desired  to  go.  But  there  was  no  direction  post, 
and  when  travelers  came  to  the  division  they  knew  not  whether  to 
still  keep  to  the  road  of  Aristotle,  or  to  turn  aside  into  the  branch 
road  of  Torricelli,  and  the  generality  preferred  to  continue  their  jour- 
ney by  the  beaten  well-known  track.  It  was  reserved  for  Pascal  to 
erect  the  cross  at  the  juncture  of  the  two  roads,  to  point  out  the  right 
way  to  the  traveler,  and  it  still  keeps  its  place,  and  the  direction 
which  he  graved  thereon  still  remains,  and  ever  will  remain,  a  monu- 
ment to  a  glorious  intellect. 

Some  time  after  hearing  of  the  success  of  the  Puy  de  Dome  experi- 
ment, Pascal  requested  Perier  to  observe  the  different  heights  at  which 
the  column  of  mercury  stood  at  different  times,  and  during  various 
changes  of  weather,  in  the  same  locality.  Perier  made  daily  observa- 
tion at  Clermont,  from  the  beginning  of  1641)  to  the  last  day  of  March, 
1G51.  A  friend  to  whom  he  wrote  in  Paris  made  observations  from 
August  1,  1G40,  to  the  last  day  of  March,  IGol ;  and  MM.  dos  Cartes 
and  Chanut  made  observations  in  Stockholm  from  October  21,  1(J4U, 
to  September  24,  1650. 

The  following  results  were  obtained : 

*  Extract  from  the  thirty-sixth  aphorism  of  the  Second  Book  of  the  "Novum 
Orgiinum,"  translated  by  ,J.  Devey: — "In  the  fourteenth  rank  of  prerogative  in- 
stances we  will  place  the  Instances  of  the  Cross,  borrowing  oar  metaphor  from  the 
crosses  erected  where  two  roads  meet,  to  point  out  the  different  directions.  We  are 
\vont  also  to  call  them  decisive  and  judicial  insUinces,  and  in  some  cases  instances 
of  the  oracle  and  of  command.  Their  nature  is  as  follows: — When  in  investigating 
any  nature  the  understanding  is,  as  it  were  balanced,  and  uncertain  to  which  of  two 
or  more  natures  the  cause  of  the  required  nature  should  be  assigned,  on  account  of 
the  frequent  and  usual  occurrence  of  several  natures,  the  Instances  of  the  Cross 
show  that  the  union  of  one  nature  with  the  required  nature  is  firm  and  indissoluble, 
■whilst  that  of  the  other  is  unsteady  and  separable:  by  which  means  the  question  is 
decided,  and  the  first  is  received  as  the  cause,  whilst  the  other  is  dismissed  and  re- 
jected " 
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At  Clermont  (about  400  toises  above  Paris)  the  greatest  heijrht  of 
tlie  column  of  mercury  was  20  inches  Hi  lines  (February  14,  iGalj. 
Tiic  least  height  was  25  inches  b  lines  (October  .j,  lijVJ). 

In  Paris  the  greatest  height  was  28  inches  7  lines  (November  3  and 
5,  1G4'J).     The  least  height  was  27  inches  S\  lines  (October  4,  lG49j. 

In  Stockholm  the  greatest  height  was  28  inches  7  lines  (December 
8,  1«J4*J).     The  least  height  was  20  inches  4. J  lines  (May  0,  1060). 

Perier  noticed  the  fact  that  buiMen  changes  in  the  height  of  the 
column  often  take  place;  thus,  on  December  G,  1049,  the  mercury 
stood  at  27  inches  o  lines,  while  on  December  8  it  had  risen  to  28 
inches  7  lines. 

It  was  Pascal's  intention  to  thoroughly  explain  in  a  large  treatise 
the  principal  (juestions  relating  to  the  ei|uilibrium  of  lluids,  the  vacuum, 
and  the  pressure  of  the  air,  but  he  abandoned  tliis  idea,  and  contented 
himself  with  writing  two  short  treatises  "On  the  Equilibrium  of  Fluids," 
and  "On  the  Weight  of  the  Mass  of  Air;"  these  were  found  among  his 
papers,  and  were  published  in  1003,  one  year  after  the  death  of  their 
illustrious  author. 

The  proofs  of  the  assertions  made  in  the  treatise  "On  the  "Weight 
of  the  Mass  of  Air,"  are  mainly  taken  from  experiments  described  in 
the  treatise  "On  the  Equilibrium  of  Fluids;"  the  air  is  considered  to 
act  in  every  way  as  a  liquid,  and  that  which  he  has  found  to  hold  good 
with  water,  he  considers  to  be  e(iually  true  for  air.  In  the  first  chap- 
tor  of  the  treatise  "On  the  Weight  of  the  Mass  of  Air,"  Pascal  proves 
that  air  possesses  weight,  and  that  it  presses  upon  all  bodies  which  it 
surrounds. 

In  a  heap  of  wool  twenty  or  tliirty  toiscs  high,  the  wool  at  the  bot- 
tom is  more  compressed  than  that  in  the  middle  or  near  the  top  of  tho 
heap,  because  it  is  pressed  down  by  a  greater  weight  of  wool  above  it; 
similarly  the  air  at  the  bottom  of  valleys  is  more  compressed  than  that 
on  the  summit  of  mountains,  because  it  has  a  greater  weight  of  air 
above  it.  If  a  handful  of  wool  is  removed  from  the  bottom  of  the 
heap,  and  placed  in  the  middle  or  near  the  top  of  it  it  will  enlarge  it- 
self, because  it  will  have  a  less  weight  of  wool  to  support  than  it  had 
before,  so,  also,  if  we  take  air  from  a  valley  and  carry  it  to  the  sum- 
mit of  a  mountain,  it  will  enlarge  itself  and  become  in  a  similar  state 
of  density  to  the  air  surrounding  it,  because  it  will  have  a  less  weight  of 
air  to  support  than  it  had  in  tiie  valley  ;  this  may  be  proved  by  par- 
tially filling  a  bladder  witli  air  from  a  deep  valley  and  carrying  it  to 
the  top  of  a  high  mountain — the  bladder  will  become  more  and  more 
puflcd  out  the  higher  it  is  carried. 

In  the  second  chapter  Pascal  proves  that  the  weight  of  the  air  pro- 
duces all  those  effects  hitherto  attributed  to  Nature's  horror  of  a 
vacuum.  This  chapter  is  diviiled  into  two  sections.  In  the  first  Pas- 
cal mentions  the  principal  phenomena  which  had  up  to  that  time  been 
attributed  to  Nature's  horror  of  a  vacuum,  ami  in  the  second  he  show* 
how  these  phenomena  are  caused  by  the  pressure  of  the  air. 

Among  the  eflects  attributed  to  Nature's  horror  of  a  vacuum  were 
the  following : — 
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Bellows,  all  the  openings  of  ■which  are  closed,  are  difficult  to  open, 
and  the  piston  of  a  closed  syringe  is  raised  with  difficulty. 

Two  bodies  with  accurately-ground  and  polished  faces  when  placed 
in  contact  are  not  readily  separated. 

When  a  syringe  or  pump  is  placed  in  water,  and  the  piston  raised, 
water  follows  it,  in  order  to  prevent  the  formation  of  a  vacuum  which 
would  otherwise  take  place. 

AVhcn  tow  is  kindled  in  a  plate  containing  water,  and  a  glass  in- 
verted over  it,  in  proportion  as  the  tow  is  extinguished  the  water  rises 
into  the  glass,  because  the  air  which  was  rarefied  becomes  more  and 
more  condensed,  and  attracts  the  water  with  it  to  fill  the  place  which 
it  quits  in  contracting,  just  in  the  same  way  that  the  piston  of  a  sy- 
ringe draws  water  after  it  to  fill  the  space  which  would  otherwise  bo 
a  vacuum.     Cupping-glasses  act  in  a  like  manner. 

A  bottle  or  short  tube  closed  at  one  end,  if  filled  with  water  and 
inverted  in  a  vessel  of  water,  remains  filled. 

If  we  open  the  tap  of  a  tun  of  wine  not  a  drop  of  wine  escapes  until 
we  remove  the  vent-peg. 

The  action  of  an  ordinary  siphon  is  due  to  Nature's  horror  of  a 
vacuum. 

Pascal  next  adduces  proofs  that  these  effects  are  due  to  the  pres- 
sure of  the  air. 

We  cannot  open  closed  bellows  without  exerting  a  good  deal  offeree, 
because  in  opening  them  we  must  elevate  the  whole  mass  of  air  rest- 
ing on  them  ;  but  if  we  make  a  hole  in  any  part  of  the  bellows  the 
air  enters,  and  we  have  no  longer  to  raise  the  air  above  them. 

When  two  well  polished  bodies  are  placed  in  contact,  the  lower  one 
will  remain  attached  to  the  other,  because  the  air  presses  on  it  below 
and  not  above,  and  as  there  is  no  access  for  the  air  between  the  po- 
lished surfaces  of  the  bodies,  it  presses  only  the  upper  surface  of  the 
upper  body,  and  on  the  lower  surface  of  the  lower  body. 

Water  rises  in  pumps  and  syringes  placed  in  a  vessel  of  water  when 
the  piston  is  elevated,  because  the  air  presses  on  all  parts  of  the  water 
in  the  vessel,  except  under  the  piston  where  the  air  has  no  access;  as 
we  raise  the  piston  the  water  follows  in  order  to  counterbalance  the 
weight  of  air  which  presses  on  the  water  outside  the  pump. 

For  the  same  reason  water  remains  suspended  in  bottles  and  short 
tubes  closed  at  one  end,  which  have  previously  been  filled  with  water 
and  inverted  in  a  vessel  of  water. 

Cupping-glasses  attract  the  flesh,  because  the  air  within  them  is 
rarefied  by  fire,  and  the  outward  air  presses  on  all  parts  of  the  body, 
except  on  that  part  under  the  cupping-glass,  consequently  the  flesh  is 
caused  to  swell  within  the  glass. 

The  air  causes  water  to  rise  in  siphons  because  it  presses  on  the 
water  of  the  vessels  into  whicli  the  limbs  of  the  siphon  dip,  and  not  on 
the  water  in  the  interior  of  the  siphon. 

In  the  third  chapter  Pascal  proves  that  the  weight  of  the  air  is 
limited,  and,  therefore,  the  effects  which  it  produces  are  limited. 

When  the  sucker  of  a  pump  is  raised,  water  follows  it  to  a  height 
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of  thirty-one  feet,  beyond  wliich  it  refuses  to  ascend.  Mercury  re- 
fuses to  ascend  above  two  feet  three  inches,  and  oil  above  thirty-four 
feet,  the  weights  are  in  all  cases  the  same,  that  is  to  say,  a  column  of 
mercury  two  feet  three  inches  high  weighs  as  much  as  a  column  of 
water  31  feet  higli,  or  a  column  of  oil  34  feet  high. 

^Vllt•n  we  attempt  to  open  cl()se<l  bellows,  the  sides  of  which  are, 
say  a  foot  diameter,  we  must,  before  we  can  open  them,  exercise  an 
amount  of  force  capable  of  raising  a  column  of  water  31  ft-et  high  and 
a  foot  diameter.  So  also  if  we  have  two  polished  bodies,  the  diameter 
of  the  applied  surfaces  of  which  is  an  inch,  we  must,  in  order  to  sepa- 
rate them,  apply  a  force  capable  of  lifting  a  column  of  water  an  inch 
diameter  and  31  feet  high. 

In  the  fourth  chapter  Pascal  asserts  that  the  weight  of  the  mass  of 
air  varies  according  to  the  vapors  which  are  present  in  it,  and  that, 
therefore,  the  effects  which  it  produces  vary;  as  an  example  of  this, 
he  mentions  the  fact  th:it  the  air  will  sometimes  support  a  column  of 
"Water  'il\  feet  high,  and  at  other  times  only  30f  feet  high. 

In  the  fifth  chapter,  the  weight  of  the  mass  of  air  is  atfirmed  to  be 
greater  in  valleys  than  on  the  summits  of  mountains,  and  the  effects 
produced  by  it  in  valleys  to  be  therefore  greater  than  those  produced 
on  mountains. 

At  a  height  of  500  or  GOO  toises,  a  suspended  column  of  water  is  4 
feet  shorter  than  at  the  level  of  the  sea.  Moreover,  two  polished 
bodies  which  have  been  applied  to  each  other  are  separated  with 
greater  ease  on  the  summit  of  a  mountain  than  at  its  base. 

The  mercurial  column  falls  about  1  line  for  every  10  toises  of 
height. 

In  the  sixth  chapter  Pascal  asserts  that  as  the  effects  produced  by 
the  weight  of  air  increase  or  diminsh,  as  it  increases  or  diminishes 
they  will  entirely  disappear  above  the  air,  or  in  a  place  where  there  is 
no  air. 

As  we  find  the  weight  of  a  column  of  mercury  becomes  less  and 
less  the  higher  we  ascend,  we  have  a  right  to  conclude  that  the  mer- 
cury would  entirely  fall  if  we  could  go  above  the  air,  or  in  a  j)lace 
>?here  there  is  no  air ;  but  as  this  is  impossible,  we  may  try  the  same 
experiment  by  completely  renioving  the  air  from  the  open  orifice  of 
the  mercury  tube ;  in  order  to  do  this,  Pascal  connected  the  open  end 
of  one  barometer  tube  with  the  upper  part  of  a  second  tube,  filled 
them  both  with  mercury,  and  placed  the  open  orifice  of  the  lower  tube 
in  mercury,  the  mercury  in  the  upper  tube  immediately  left  it,  because 
no  air  was  present  to  counterbalance  its  weight. 

According  to  a  calculation,  which  is  given  in  full  in  chapter  0  of 
this  treatise,  Pascal  estimates  the  weight  of  the  entire  mass  of  air 
which  surrounds  the  earth  at  8,-283,881»,440,000,000,000  livres.* 

Among  those  papers  which  were  found  after  the  death  of  Pascal 
there  was  one  containing  a  number  of  tables,  giving  the  results  of  ex- 
periments made  to  determine  the  weight  necessary  to  separate  two 

*  A  livrc=  1  lb.  1  oz.  lOJ  dr,  AvoirdujK>i«, 
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polished  surfaces  from  each  other,  the  diameter  of  the  applied  faces 
being  respectively  1  foot,  6  inches,  1  inch,  and  6  lines. 

The  experiments  were  made  in  Paris,  about  31-5  toises  above  the 
level  of  the  sea.  At  Clermont,  about  400  toises  above  Paris  ;  at  Lafon, 
600  toises  above  Paris;  and  on  the  summit  of  the  Pay  de  Dome,  900 
toises  above  Paris.  The  following  table  represents  the  weights  in 
livres  necessary  to  separate  two  polished  bodies  1  foot  in  diameter : — 
Greatest  weight 

necessar}-.         Medium.  Least.       Difference. 

In  Paris,  .         .         1808  17(51  1714  94 

At  Clermont,  .  1675  1628  1581  94 

At  Lafon,        .         .         1579  1532  1485  94 

Summit  of  Puy,      .         1483  1436  1389  94 

CTo  be  Continued.) 
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from  the  l'ractic;il  Mtthanic's  Journal,  November,  1S63. 
(Continued  from  page  114.) 

Passage  from  the  Refrigerator  to  the  Boiler. — The  power  of  the  appa- 
ratus is  proportional  to  the  latent  heat  of  the  volatile  liquid  and  to  the 
weight  of  vapor  which  forms  per  hour  in  the  refrigerator.  This  weight 
of  vapor  is  only  dependent  on  two  things;  on  the  form  of  the  refrigera- 
tor, and  on  the  difference  which  exists  between  the  general  elastic  force 
existing  in  its  interior,  and  the  maximum  elastic  force  due  to  this  vapor, 
at  the  temperature  of  the  liquid  which  wets  the  interior  surfaces.  In  fact, 
if  the  interior  were  saturated  with  vapor  no  new  vapor  could  be  formed 
and  no  cold  produced.  If,  on  the  contrary,  the  interior  were  maintained 
"without  vapor,  that  is  to  say,  in  the  state  of  a  perfect  vacuum,  the  weight 
of  vapor,  formed  per  hour,  would  be  at  its  maximum,  and  the  produc- 
tion of  cold  would  also  attain  its  maximum.  It  is  necessary  then  to 
exhaust  this  vapor,  which  is  no  sooner  formed  than  it  becomes  an  ob- 
stacle, the  space  which  it  encumbers  must  be  freed,  so  as  to  restore  it 
incessantly  to  a  state  of  perfect  vacuum,  or  at  least  as  nearly  so  as 
possible.  There  are  different  means  for  this,  but  incontestably  the 
most  advantageous  is  that  which  can  be  employed  here,  that  is,  to  ex- 
hibit a  body  which  can  rapidly  condense  it  by  a  dissolving  affinity,  and 
which  can  give  it  off  again  with  the  same  rapidity  by  a  sufficient  in- 
crease of  temperature.  The  boiler  is  so  arranged  that  the  ammoniacal 
solution,  at  its  lower  part,  is  very  weak;  a  pipe  furnished  with  a  stop- 
cock is  placed  there  to  withdraw  a  certain  volume  of  it,  which  is  fixed 
by  the  degree  to  which  the  cock  is  opened ;  this  tube,  made  of  iron, 
and  20  or  30  metres  long,  is  coiled  twice  at  different  distances  into  two 
helical  worms,  Avliich  are  surrounded  with  cooling  liquids.  Thus,  the 
liquid  contained  in  the  tube,  starting  from  the  boiler  at  130°  and  cooled 
to  about  20°  to  25°  C,  reaches  the  top  of  the  absorbing  reservoir  to  fall 
as  rain  into  its  interior.  It  is  this  continual  rain  of  impoverished  liquid 
which  becomes  the  power  capable  of  incessantly  maintaining  and  re- 
newing the  vacuum  in  the  interior  of  the  refrigerator.  For  this  purpose 
a  large  pipe,  some  metres  long,  connects  the  top  of  the  refrigerator  with 
the  top  of  the  absorbing  reservoir.  As  soon  as  the  cock  which  regulates 
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this  commtinication  isopenc*!,  the  ammoniac;iI  vapors  of  the  refrigerator 
How  into  the  irii<lst  of  the  rain  of  wc:ik  lifjiior,  arc  there  condensed  by 
absorption,  ami  recon.'-titute  a  rich  li<|Uor  which  falls  to  the  bottom  of 
the  reservoir.  The  heat  which  is  herediscngageil  is  removed  by  the  coils 
of  the  worm  pipe  throii<.'h  which  coM  water  flows;  it  only  remains 
to  take  up  this  rich  lifjuor,  and  rc-introiluce  it  into  the  boiler,  so  as  to 
make  up  for  the  loss  of  ammrmia  which  takes  place  every  instant,  or 
rather  to  restore  all  which  has  left  it,  and  thus  to  close  this  lon;^  circula- 
tion, in  which  change  of  form  and  state  takes  place,  but  no  loss  or 
gain  of  matter. 

Jt  is  a  lift  and  force  ])ump  of  a  very  peculiar  construction,  and  well 
adapted  to  the  eflect  it  is  designed  to  produce,  which  is  arranged  to  ac- 
complish this  last  part  of  the  circulation.  It  draws  from  the  bottom  of 
the  absorbing  reservoir  the  lif|uid  which  has  been  enriched  as  fast  as 
it  forms,  and  then  causes  it  to  enter  a  special  veissel  designed  to  receive 
it;  it  then  forces  it  through  a  long  tube  where  it  is  re-heated,  to  arrive 
at  last  at  the  toj)  of  the  cascade  of  which  we  have  previously  spoken, 
and  which  constitutes  the  top  [lart  of  tlir  boiler.  This  li(jui<l,  although 
re-hoated  in  its  course,  is  I'ar  from  being  at  180°  C:  its  presence  then 
produces  some  condensation,  the  effect  of  which  is  no  doubt  favorable 
to  the  rectification  of  the  hydratcd  vapors  of  ammonia  which  exist  at 
this  point. 

We  cannot  close  this  summary  description  of  the  apparatus  without 
remarking  that  we  have  been  obliged  to  pass  over  a  great  number  of 
details,  adjustments,  and  ingeniousi  arrangements,  which  perhaps  prove 
even  more  than  the  general  design,  the  genius,  and  resources  of  the 
inventor.  Let  us  now  endeavor  to  explain  to  what  the  economic  power 
of  the  apparatus  extends,  and  its  limits. 

This  discussion  rests  on  but  a  small  mimber  of  data,  namely: — On 
tlie  latent  heat  of  vapor  <(f  the  ammoniacal  li»juor,  and  of  the  more  or 
less  dilute  solutions  of  ammoni;».  Davy  has  already  drawn  up  a  table 
of  the  tjuantity  of  ammonia  contained  in  solutions  of  iliflerent  densities: 
this  table,  which  is  based  on  only  two  experiments,  is  re-pro<luced  in  all 
the  chemical  books;  it  is  desirable  that  it  should  be  again  taken  in  hand 
and  I'Xtendeil  to  dilTerent  temperatures.  In  applying  it  to  the  practi- 
cal oli.>-ervations  of  M.  Carre,  we  are  led  to  believe  that  in  the  actual 
state  of  things,  one  kilogramme  of  the  weak  solution  which  enters  the 
absorbing  reservoir  cold,  can  there  take  up  50  grammes  of  ammonia 
to  become  the  rich  ammonia  which  is  re-iniro«luced  into  the  boiler. 

Our  fellow-worker,  M.  Kegnault,  has  been  good  enough  to  give  to 
the  (.'ommission  a  proof,  extracted  from  his  great  work  on  vapors,  which 
is  now  in  the  press.  We  there  funi  a  complete  tJible  of  the  tensions  of 
ammonia  solution  between  the  temperatures  of  40**  and  100®,  for  the 
lower  temperatures,  which  are  of  the  most  importance  here.  These 
tensions  arc — 

Tciiipcratun's.  •.'ii"'  ".n-'  I   -  C 

Tonsions' in  utin<iii|il)ii.',         .  .  rS4  1   1"  »' To 

To  apply  these  numbers  to  the  slightly  dilute  solution  of  the  rofrige- 
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rator,  we  must  take  account  of  the  diminution  which  they  have  to  under- 
go.    Estimating  this  at  one-fourth,  we  get  the  following  result — 

Tpiiiporature  of  refrigerator,         .  .         20°  SO*  40°  C. 

Tension  ill  atmospheres,     .  .  .1-4  (J-9  0-5 

which  approaches  closely  to  the  practical  observations  of  M.  Carre. 

Lastly,  according  to  the  researches  of  MM.  Favre  &  Silbermann, 
(Annales  de  Chimie,  t.  xxxvii.,  1853,)  we  may  value  at  about  500  units, 
the  latent  heat  of  ammoniacal  gas  absorbed  by  a  mass  of  water  large 
enough  to  form  a  dilute  solution.  We  admit  it  as  probable,  that  this 
number  may  be  applicable  to  ammonia  containing  very  little  water. 

It  results  from  these  data,  that  to  construct  an  apparatus  whose  power 
shall  be,  say,  100,000  units  of  heat  an  hour,  it  will  be  necessary  to 
vaporize  200  kilogrammes  of  ammonia  in  the  refrigerator,  and  thus,  at 
the  same  time  200  kilogrammes  must  be  condensed  in  the  liquifier,  and 
absorbed  or  condensed  a  second  time  in  the  absorbing  reservoir.  The 
100,00  units  of  heat,  or  very  nearly,  re-appear  then  in  these  two  mem- 
bers of  the  apparatus,  where  they  must  be  taken  up  and  carried  off 
by  the  cooling  water. 

Admitting  that  the  temperature  of  this  cooling  water  only  rises 
10°  in  this  operation,  we  see  that  the  expenditure  of  it  will  be  20,000 
kilogrammes,  or  20  cubic  metres  an  hour;  that  is,  10  cubic  metres  to 
cool  the  liquifier,  and  10  cubic  metres  to  cool  the  absorbing  reservoir. 

We  do  not  speak  of  the  necessary  consumption  of  fuel  in  the  boiler. 
In  effective  result,  this  should  also  be  equivalent  to  100,000  heat  units 
an  hour,  but  there  arc  unavoidable  losses,  which  are  very  variable. 

In  a  word,  the  four  changes  of  state,  although  operating  under  differ- 
ent conditions,  should  be  accompanied  by  the  same,  or  nearly  the  same, 
phenomena,  as  far  as  regards  the  quantities  of  heat  concerned. 

The  boiler  and  the  refrigerator  acting  by  evaporation,  take  up  the 
same  quantity  of  heat,  one  from  the  fire,  and  the  other  from  the  liquid 
which  it  cools.  The  liquifier  and  the  absorbing  reservoir  acting  by 
liquefaction,  should  disengage  the  same  quantity  of  heat,  which  they 
must  get  rid  of  by  continually  changed  cooling  liquids.  The  mechanical 
%vork  of  the  lift  and  force-pump  should  also  be  approximately  valued. 

Since  200  kilogrammes  of  vapor  are  produced  an  hour  in  the  refrige- 
rator, 4000  kilogrammes  of  weak  solution  are  required  to  absorb  them, 
for  each  kilogramme  only  absorbs  50  grammes,  or  one-twentieth  of  its 
weight.  The  result  then  will  be  4200  kilogrammes  of  strong  solution. 
The  work  consumed  in  re-introducing  this  into  the  boiler,  the  necessary 
pressure  being  estimated  at  10  atmospheres,  will  consequently  be 
420,000  kilogrammetres,  or  about  two  horse  power,  to  which  must  be 
added  about  one-tenth  for  the  work  consumed  in  suction  ;  but  in  this 
the  considerable  loss  of  power  in  working  the  pump  by  the  disengage- 
ment of  elastic  fluids  is  neglected. 

As  to  the  degree  or  intensity  of  cold  which  the  apparatus  can  pro- 
duce, it  depends  almost  exclusively  on  the  phenomena  Avhich  take  place 
in  the  absorbing  reservoir,  because  there,  in  fact,  exists  the  determin- 
ing cause  of  the  rapid  formation  of  vapor  in  the  refrigerator.  If,  on 
the  one  hand,  the  liquid  which  gives  off  this  vapor  were  pure  ammonia, 
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free  from  water ;  and  if,  on  the  other,  tlie  weak  liquor  which  comes 
from  the  hoilcr  into  the  absorbing  reservoir  were  pure  water,  free  from 
aminoniaciiil  f,';is,  there  can  be  no  doubt  that  the  refrigerator  wouM 
easily  full  to  .00''  or  ♦JO''  C,  below  zero. 

JJut  in  reality,  the  liquid  in  the  refrifrerator  contains  a  certain  pro- 
portion of  water,  and  the  weak  liquor  whieh  enters  the  absorbing  re- 
servoir contains  a  very  perce[)tible  quantity  of  ammonia.  These  two 
causes  join  in  relaxing  the  absorption  of  the  vapor,  and  consequently 
in  preventing  the  degree  of  cold  descending  so  Idw  in  the  thcrmometric 
scale.  Hence  there  is  room  fur  study  in  niaking  the  boiler  yi«dd  a 
lifjuor  still  poorer  in  ammonia,  and  the  lifjuifier  a  liquid  more  com- 
pletely deprived  of  water. 

This  ultimate  limit  to  the  economic  power  of  the  apparatus  always 
depends  on  still  another  circumstance  :  it  varies  necessarily  with  the 
temperature  of  the  air,  and  consequently  with  seasons  ami  climates. 
Let  us  suppose,  for  instance,  that  the  refrigerator  icorka  in  ftpace,  that 
is  to  say,  without  making  iee  or  cooling  a  liqtinl ;  in  a  word,  without 
producing  usfful  eff'icf,  it  will  arrive  nevertheless  at  a  certain  limit  of 
cold,  which  will  be  its  extreme  limit,  say  50°  below  zero.  Suppose  that 
in  this  experiment  the  air  has  a  temperature  of  10°  C,  this  gives  it  an 
excess  of  00°  over  the  refrigerator.  Once  arrived  at  this  limit,  after 
working  for  a  longer  or  shorter  time,  during  which  the  refrigerator 
might  be  observed  gaining  progressively  in  cold,  very  quickly  at  first, 
and  more  gently  afterwards,  it  may  be  asked.  How  is  it  possible  to 
maintain  this  state  of  things?  May  we  draw  the  fire  from  the  boiler, 
stop  the  pump,  and  in  faet  set  the  apparatus  at  rest,  without  the  refri- 
gerator becoming  warm?  Assuredly  not.  On  the  contrary,  it  is  indis- 
pensable to  continue  working  at  full  speed.  Its  entire  power  is  then 
lost,  in  the  sense  of  its  not  being  utilized;  but  it  is  not  lost  in  reality, 
for  it  is  wholly  employed  in  maintaining  the  refrigerator  in  equilibrium 
against  the  inroads  of  heat  from  without.  We  can  stop  the  motion  of  a 
machine,  but  it  is  not  given  to  us  to  stop  the  motion  of  heat.  Whatever 
precautions  are  taken  to  protect  the  refrigerator,  heat  always  penetrates 
to  it,  although  the  rate  at  whieh  it  does  so  may  be  more  or  less  reduced. 
The  number  of  heat  units  which  thus  reaches  the  refrigerator  in  a  given 
time,  all  other  things  being  the  same,  is  nearly  proportional  to  the  ex- 
tent of  surface  which  it  presents,  more  or  less  directly,  to  the  air,  and 
to  the  excess  of  the  temperature  uf  the  air  over  that  of  the  refrigerator. 

Couse(|uently,  if  the  same  apparatus  is  submitted  to  a  second  te^t  in 
space,  with  the  air  at  30°  C,  instea«l  of  10°,  it  can  never,  work  as  it 
will,  cause  the  refrigerator  to  descend  to  50°  below  zero,  but  will  only 
make  it  fall  to  30°  below  zero.  becau>e  the  excess  of  the  temperature 
of  the  air  over  the  refrigerator  will  be  again  tJO°,  as  it  was  in  the  first 
test. 

The  preceding  considerations  also  permit  tlie  inference,  thatarefii- 
gerator  designed  for  making  ice  will  be  much  more  favorably  circum- 
stanced for  descending  to  very  low  temperatures  than  one  designed  for 
merely  cooling  liquids,  because  in  general  the  latter  will  offer  much 
greater  surfaces  than  the  former  to  the  access  of  heat  from  without. 
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Such  are  the  principal  causes  which  vary  the  extreme  limit  of  cold 
to  Avhich  the  refrigerator  can  fall,  and  Avhich  vary  the  economical  power 
of  the  apparatus  in  the  same  sense. 

It  results  from  this,  that  the  weight  of  vapor  which  forms  in  an  hour 
in  the  refrigerator  of  a  given  apparatus  shoukl  be  considered  as  nearly 
a  constant  quantit}^  but  composed  of  two  parts,  which  do  diiferent 
duties.  The  first  produces  useful  effect ;  the  power  of  the  second  is 
lost.  This  latter,  without  ever  becoming  nil,  remains  very  small  when 
the  refrigerator,  to  perform  the  efiect  required  is  at  a  temperature  con- 
siderably removed  from  its  extreme  limit ;  but  it  increases  rather  quick- 
ly, and  always  with  a  detrimental  effect,  whenever  the  refrigerator 
has  to  work  at  a  very  low  temperature;  and  at  last  it  absorbs  the  wliole 
or  nearly  the  whole,  of  the  useful  efiect,  if  the  refrigerator  has  to  work 
at  a  temperature  very  near  its  extreme  limit. 

These  variable  losses  depend  on  co-ethcients,  to  which  experience 
will  soon  give  values  sufficiently  accurate  to  estimate  the  useful  cft'ect, 
according  to  the  nature  of  tiie  work  to  be  done,  and  the  knowledge  of 
the  exterior  teuqieratures  to  which  the  apparatus  must  be  exposed. 

M.  Carre  has  carefully  studied  all  the  theoretical  principles  Avhich 
should  guide  him  in  the  construction  of  his  apparatus;  he  liiis  aided 
himself  in  this  way  by  studying  with  great  sagacity  all  the  new  ques- 
tions which  bear  on  the  original  problem,  and  he  has  ultimately  arrived 
at  solutions  which  have  the  merit  of  being  at  the  same  time  highly  in- 
genious and  very  practical. 

"The  Commission  is  of  opinion,  that  the  apparatus  of  M.  Carre  is 
capable  of  rendering  real  service,  and  proposes  to  the  Academy  to 
admit  the  description  of  it  into  the'llecueil  des  Savants  etrangcrs.' " 

The  conclusions  of  this  Report  were  adopted  by  the  Academy. 


Poisoning  of  Water  by  Lead  Pipes. 

Vrum  the  Luiidun  Mfohiinic's  Miij;aziiio,  May,  1804. 

Professor  II.  Dussance,  of  New  York,  has  recently  made  a  series  of 
experiments  on  the  action  of  several  different  kinds  of  water  on  lead, 
under  various  conditions.  The  lead  was  subjected  to  the  action  for 
twenty  days,  and  the  experimenter  draws  the  following  conclusions: — 
1.  That  distilled  water  has  no  action  whatever  on  lead  by  three  days  of 
contact;  after  that  time  this  dissolving  action  begins.  2.  That  the 
lead  is  dissolved  by  distilled  water  in  proportion  increasing  every  day ; 
the  distilled  water  exposed  to  the  open  air  dissolves  more  of  this  metal 
than  distilled  water  in  close  vessels,  or  than  distilled  water  deprived 
of  air  and  gas.  -J.  That  creek  water,  containing  small  proportions  of 
lime,  has  no  action  on  lead.  4.  That  distilled  water,  containing  l-o500th 
of  a  salt  in  solution,  prevents  the  dissolving  action  of  the  water  on  lead, 
o.  That  water  dissolves  lead  till  the  saturating  power  of  the  acid  is  ex- 
hausted. 6.  That,  in  ferruginous  water,  all  of  the  iron  is  precipitated 
by  lead ;  then  lead  pipe  must  not  be  used  to  convey  mineral  waters. 
This  fact  has  never  been  noticed  before.  To  render  these  facts  more 
interesting,  another  series  of  experiments  must  be  made  to  ascertain 
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the  quantities  of  lead  dissolved  daily  in  the  water,  and  what  compound 
it  forms,  and  to  see  if  the  action  will  be  the  same  in  the  lead  pipes. 

Among  all  the  dangers  arising  from  carelessness,  the  public  may  not 
be  aware,  that  there  is  great  danger  in  the  careless  use  of  even  hydrant 
water.  That  water,  impregnated  with  any  preparation  of  lead,  cannot 
be  safely  used  for  culinary  purposes,  even  in  cases  where  the  lead  ia 
present  in  too  small  a  proportion  to  produce  any  immediate  injury,  is 
well  known.  Lead,  says  Professor  Aikin,  of  New  York,  like  some 
other  poisonous  agents,  when  taken  in  minute  successive  doses,  will 
remain  in  the  system,  apparently  inactive,  until  a  certain  amount  ac- 
cumulates ;  then,  suddenly,  a  series  of  alarming  symptoms  Avill  super- 
vene, often  resulting  in  death.  An  occurrence  of  this  kind  was  recently 
brought  to  my  notice  by  one  of  my  professional  fiiends,  who  was  called 
upon  to  prescribe  for  several  members  of  the  same  family,  all  apparently 
suffering  from  the  peculiar  action  of  lead.  In  one  of  the  cases  the  re- 
sult was  fatal — the  others,  after  much  suffering,  slowly  recovering.  A 
portion  of  the  water  supposed  to  have  been  instrumental  in  producing 
the  difficulty  was  brought  to  me  for  examination,  and  carefully  analyz- 
ed, and  found  to  contain  lead  in  the  proportion  of  0'028gr.  to  the  gal- 
lon of  water.  This  very  minute  quantity,  very  little  exceeding  the 
0*001  gr.  to  an  ordinary  tumbler  full  of  water,  taken  at  intervals,  some- 
what regularly,  seems  to  have  accumulated  until  the  poisonous  action 
of  the  metal  was  developed.  The  whole  difficulty  seems  to  have  arisen 
from  the  occasionnl  use  of  water  taken  from  a  hydrant  stop  that  was 
not  in  regular  and  frequent  use ;  the  water  in  a  portion  of  the  lead  pipe 
being  thus  allowed  long  continued  contact  with  the  metal  in  the  im- 
mediate vicinity  of  the  stop.  The  simple  precaution  hereby  indicated, 
and  one  that  cannot  be  neglected  with  safety,  is  to  allow  the  first  dis- 
charge of  water  from  any  hydrant  stop  to  run  to  waste,  and  not  to 
collect  any  for  culinary  purposes  until  we  are  sure  that  all  the  pre- 
viously stagnant  water  in  the  lead  pipe  has  wholly  escaped.  And  it 
would  be  better,  in  general,  to  resort  to  the  yard  hydrant  for  water  re- 
quired for  drinking  or  preparing  food — the  lesser  length  of  lead  pipe 
there  in  use  diminishing  the  danger.  IJut  even  there  the  water  first 
discharged  in  the  morning  should  be  thrown  away. 


Electro- Magnet  Induction  Machines  for  Telegraphy. 

From  the  London  C'homiral  Xowd,  No.  Cil. 

A  new  induction  machine  is  now  to  be  seen  in  operation  which  pro- 
duces a  constant  stream  of  electricity,  and  can  be  made  to  produce  it 
of  any  tension  or  quantity  that  may  be  re([uired.  These  are  valuable 
properties,  which  doubtless  will  be  appreciated  by  all  those  who  are 
obliged  to  use  galvanic  batteries  of  high  tension.  5lany  attempts  have 
been  made  to  use  induced  electricity  fur  telegraphy,  but  as  these  at- 
tempts have  been  gencniliy  made  with  machines  similar  to  lihumkorf 'g 
induction  coil,  they  have  failed,  for  the  following  reasons: — The  elec- 
tricity is  in  impulses,  and  alternately  in  reverse  directions.  It  is  in  to* 
small  quantity,  and  too  great  tension ;  so  much  so,  that  it  is  said  tha 
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Mr.  Whitehouse's  five-feet  coil  destroyed  the  Atlantic  cable ;  but  the 
authorities  are  not  agreed  on  the  point.  However,  it  is  certain  that 
such  machines  are  not  suitable  for  telegraphy  generally,  even  if  one 
impulse  be  thrown  out,  so  that  all  the  impulses  which  are  taken  may  be 
in  the  same  direction ;  for  there  is  then  no  approach  to  a  battery  cur- 
rent. This  has  been  done,  but  in  all  cases  the  most  suitable  impulse 
has  been  rejected,  namely,  the  slow  one,  or  making  impulse,  and  the 
breakinor  impulse  taken,  which  is  of  greater  tension  but  shorter  dura- 
tion ;  of  course,  the  absolute  quantity  of  force  in  each  is  the  same,  and 
it  will  be  clear  that  the  former,  approaching  more  nearly  to  a  current, 
would  be  most  suitable.  In  some  cases  the  two  reverse  impulses  are 
used ;  but  these  can  only  be  used  with  one  telegraphing  arrangement, 
and  that  a  slow  one. 

What  has  been  wanted,  and  which  is  now  obtained,  is  as  near  an 
approach  to  a  battery  current  as  may  be,  and  of  any  tension  required, 
without  multiplying  the  number  of  battery  cells  used.  Any  machine 
to  be  of  real  use  must  not  only  possess  these  properties,  but  must  be 
perfectly  self-acting.  The  machine  here  spoken  of  possesses  all  these 
properties.  Its  current  is  perfectly  continuous  for  all  practical  pur- 
poses, for  no  intermittance  can  be  detected.  It  holds  the  needle  per- 
fectly steady,  rings  an  electro-magnet  bell,  produces  electrolysis,  and 
comports  itself  in  every  other  way  like  a  battery  current,  even  pro- 
ducinof  no  spark  unless  the  poles  be  brought  into  absolute  contact. 
The  electricity  which  is  used  to  excite  the  electro-magnets  in  the  coils 
is  at  the  same  time  made  use  of  as  magnetism  in  the  electro-magnets 
to  drive  the  battery  break  and  commutator;  so  that  the  motive  power, 
which  makes  this  machine  self-acting,  is  obtained  without  cost,  because 
to  produce  induction  the  magnets  in  the  coils  must  necessarily  be  excited 
"whether  the  magnetism  so  induced  be  otherwise  used  or  not. 

Two  series  of  induction  coils  are  used  in  this  machine,  which  are  so 
arrancred  that  one  series  is  being  magnetized  nearly  at  the  same  time 
that  the  magnetism  is  subsiding  in  the  other,  so  that  the  two  conse- 
quent induced  impulses  as  it  were  overlap  each  other;  and  though  these 
induced  impulses  are  in  opposite  directions,  the  spools  are  so  arranged 
that  in  the  general  induction  circuit  they  flow  in  the  same  direction,  thus 
making  a  compound  impulse  of  longer  duration  composed  of  the  two 
opposite  inductions,  and  so  blending  the  more  intense  with  the  less,  the 
result  being  a  sort  of  undulation  offeree.  These  compoundimpulsesflow 
in  opposite  directions,  and  to  make  them  a  continuous  flow  they  are 
taken  up  by  a  commutator  which  reverses  its  contacts  as  they  reverse, 
and  thus  turns  them  all  in  one  direction,  producing  a  slightly  undula- 
ting but  continuous  flow.     This  seems  to  be  the  form  of  motion  that 
all  known  forces  take.    The  machine  appears  to  be  made  for  quantity, 
the  inner  coils  being  of  No.  12  wire,  and  the  outer  of  No.  18.    Some 
electricians  who  have  examined  it,  have  expressed  a  fear  that  it  might 
injure  the  insulation  of  gutta  perchaed  wire,  as  this  fault  has  been 
attributed  to  ordinary  induction  coils.     Of  course,  this  objection  does 
not  apply  to  this  machine  any  more  than  to  an  ordinary  battery ;  for 
to  whatever  purpose  it  may  be  applied  its  tension  and  quantity  will 
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be  arljusted  to  tlie  tension  and  qnantity  of  the  number  of  battery  cells 
ordinarily  required  to  perform  that  work  ;  nevertheless,  the  machine 
i.s  bc'in^  subjected  to  continuous  tests  to  put  the  thin;»  beyond  doubt. 
A  ;:utta-perchaed  wire  is  punctured  and  then  immersed  in  water,  and 
the  leakage  testeil,  then  the  full  currrnt  sent  through  it  for  hours,  but 
•di  yet  no  perceptible  variation  has  been  noticed. 


Tuf'uf'tr  linilfrs. 

Krom  111"  t/>o-l<'ii  Mi-chanw-n'  MuKaiinr,  Julr.  I'Ct. 

There  is  not  a  (|uestion  connected  with  the  steam  engine  or  the  em- 
ployment of  steam  p(»wer  which  has  not  at  one  time  or  another  been 
made  the  subject  matter  for  bitter  discussion.  The  value  of  the  heat- 
ing surface  of  tube  flues,  in  particular,  stands  forth  prominently,  as 
one  of  the  most  fertile  soils  ft»r  the  production  of  this  kind  of  argument 
that  has  yet  been  cultivate<l.  We  fpiestion  if  two  men  of  science  who 
have  given  any  thought  to  the  matter,  can  be  found  at  this  moment 
uho  will  agree  even  on  the  conditions  und«'r  which  the  tubular  boiler 
can  be  worked  to  the  most  advantage.  As  to  its  comparative  abstract 
value,  it  seems  all  but  hopeless  to  expect  an  unanimity  of  opinion. 
\  ery  many  and  very  elaborate  experiments  have  been  conducted  from 
time  to  time,  but,  regarded  in  the  proper  light,  the?e  experiments  im- 
|);u-t  very  little  information.  As  a  rule,  they  have  been  two-fold  in 
their  object.  In  the  first  place,  they  have  been  instituted  to  determine 
the  value  of  flue  surface  as  compared  with  fire-box  surface  in  the  same 
boiler;  and,  secondly,  they  have  now  and  again  been  employed  to  de- 
termine the  value  of  the  tubular  as  compared  with  the  Cornish  or  the 
(Xtt  rnally  fired  boiler.  As  to  the  first,  it  is  somewhat  remarkable  that 
there  are  no  recordeil  instances  of  experiments  conducted  under  other 
than  abnormal  conditions,  that  is  to  say,  the  generator  has  never  been 
employed  as  generators  of  the  class  would  be  in  actual  work.  As  to 
the  second,  we  are  at  a  loss  to  fintl  an  instance  wherein  precisely  the 
same  coals,  the  same  stack  and  draft,  and  the  same  water  supply  were 
employed  in  each  case,  and  it  is  yet  more  difficult  still,  to  find  an  in- 
stance wherein  all  parties  were  not  previously  impressed  with  the 
superiority  of  one  or  other  class  of  boiler  over  that  with  which  it  has 
been  compared.  In  spite  of  the  utmost  conscientiousness  on  the  part 
of  the  experimentalist,  such  a  bias  is  certain  to  produce  results  on 
wliirh  it  is  ililheult  to  place  implicit  reliance. 

The  truth  of  the  matter  is  this:  apart  from  its  economical  value,  the 
tubular  boiler  possesses  certain  constructive  advantages  which  havo 
brought  it  into  high  favor.  No  other  practical  generator — by  which 
we  mean  one  moderately  cheap  and  not  likely  soon  to  get  out  of  order 
— will  bear  a  moment's  comparison  with  the  tubular  in  its  power?  of 
miking  steam,  weight  for  weight,  and  size  for  size.  Liu'litor  boiliri 
iu:»y  be  found  of  ((jual  power,  but  they  are  inevitably  larger;  smaller 
Iniiers  may  be  found,  but  they  are  sure  to  be  heavier.  And,  beside  all 
this,  the  shape  of  the  tubular  boiler  of  the  best  type  is,  above  all  others, 
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that  best  adapted  for  a  locomotive  carriage  supported  on  more  than 
one  pair  of  wheels,  and  intended  to  travel  at  high  speeds.  This  fact 
in  itself  is  enough  to  render  its  popularity  for  railway  purposes  a  thing 
•which  needs  no  further  explanation.  Again,  for  marine  purposes, 
nothing  more  convenient  than  the  return  flue  system  exists,  and  with- 
out tubes  it  is  not  easy  to  carry  out  this  principle  of  construction  with 
any  success. 

Every  tube  flue  has  three  purposes  to  fulfil  at  least.  Occasionally 
it  may  have  to  perform  a  fourth,  to  which  we  shall  refer  further  on. 
The  first  is  to  permit  the  passage  of  its  own  proportions  of  the  pro- 
ducts of  combustion  from  the  furnace  to  the  chimney.  The  second,  to 
transmit  through  its  walls  the  greatest  allowable  quantity  of  the  heat 
of  these  products  to  the  water ;  and  the  third  purpose  is,  under  the 
given  conditions,  to  fulfil  its  duties  better  and  more  economically  than 
anv  other  device.  We  shall  consider  the  last  first,  because  it  is  impos- 
sible to  put  a  flue  to  work  until  it  is  made,  and  on  its  material  a  great 
deal  of  its  value  will  ultimately  depend.  The  first  tubes  used  appear  to 
have  been  of  copper.  The  tubular  boiler  proper  was  employed  in  France 
before  it  came  into  favor,  even  in  the  idea,  here.  The  first  instance 
of  its  actual  use  on  record  appears  to  have  occurred  in  the  case  of  two 
of  Stevenson's  locomotive  engines,  fitted  in  1828  with  the  tubular 
boilers  by  M.  Marc  Seguin,  engineer  of  the  St.  Etienne  railway.  Ste- 
phenson used  copper  flues  in  the  first  instance  in  the*'  Rocket."  Shortly 
afterwards  their  use  became  habitual  in  America,  especially  for  wood 
burning  engines,  and  they  are  used  in  that  country  still,  although  rarely. 
Now  copper  appears  at  first  sight  to  be  a  very  excellent  material  for 
flue-tubes.  It  can  be  easily  drawn  into  pipes ;  hard  solder  may  be 
employed  to  make  up  the  joints  ;  its  ductility  is  such  that  the  tube  ex- 
pands under  the  action  of  the  ferrules  in  the  tube  plates,  and  is,  there- 
fore, very  easily  fitted  into  place  without  any  necessity  for  nice  work- 
manship ;  and,  above  all,  the  metal  is  one  of  the  best  conductors  of  heat 
known,  the  relative  thermal  resistance  of  iron  and  copper  being  as  96 
to  40.  No  wonder,  therefore,  that  the  use  of  copper  flues  was  habit- 
ual for  some  time  after  the  railway  system,  as  applied  to  the  conveyance 
of  passengers,  came  into  operation.  But  with  the  good  qualities  that 
■we  have  named,  all  that  is  good  about  copper  tubes  begins  and  ends, 
and  very  little  practice  proved  that  the  particles  of  flying  coke  cut  them 
up  so  rapidly  that  they  required  continual  replacement  at  a  very  heavy- 
expense.  It  is  well  to  bear  in  mind,  therefore,  that  copper,  theoreti- 
cally the  best,  is  practically  the  worst  material  ever  used  to  make  tu- 
bular flues.  After  the  failure  of  copper,  brass  was  introduced,  in  1833, 
as  a  material  for  locomotive  flues,  on  the  Liverpool  and  Manchester 
railway;  as  far  as  we  can  learn,  at  the  suggestion  of  Mr.  Dixon,  then 
resident  engineer  of  that  line.  The  copper  flues  lasted  on  an  average 
three  months ;  the  brass  two  years  at  least.  Brass  possesses  many  of 
the  constructive  advantages  of  copper,  while  its  superior  hardness  im- 
parts to  it  the  quality  of  permanence  so  desirable.  Hundreds  of  tons 
of  brass  tubes  are  used,  therefore  yearly,  for  locomotive  purposes. 
Iron  tubes,  though  rather  more  difficult  to  set,  apparently  remain  tight 
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lonpf'i*,  and  arc  as  a  rule  more  durable  than  brass  ;  they  are  a  preat  deal 
cheaper  as  well,  and  iti  consequence  th»y  are  exteni»ively  used  ;  indeed, 
it  is  (juestionable  it'  they  may  not  one  day  turn  brafs  out  of  the  market. 
Thus  we  see  that  either  iron  or  brass  are  better  calculated  to  answer 
the  third  great  purpose  of  a  Hue  than  any  other  material.  Steel  may 
yet  play  an  important  part,  of  courj^e  ;  but,  \n  the  absence  of  extend- 
ed cxfx'ricnce  in  the  use  of  steel  flues,  it  would  be  premature  to  speak 
positively  as  to  their  value. 

The  second  great  purpose  to  be  fulfilled  by  a  flue  is  the  transmis- 
sion of  heat  to  the  water  with  which,  in  common  parlance,  it  is  in  con- 
tact. It  may  be  said  that  this  is  really  the  flrst  object;  but  such  is 
not  the  fact,  because  it  is  impossible  that  the  tube  should  have  any 
heat  to  transmit,  unless  the  products  of  combustion  can  pass  freely 
through  il  in  the  first  instance;  and  the  neglect  of  the  princifile  in- 
volved in  this  statement  has  been  the  cause,  time  and  again,  of  great 
disappointment.  We  can  state,  without  hesitation,  that  the  materiaU 
of  w  liich  a  flue  is  comi)<)sed  does  not  practically  exert  the  smallest 
influence  on  its  evaporative  powers.  It  is  true  that  both  bra>i.s  an<l 
copper  are  very  much  better  conductors  of  caloric  than  iron.  Yet  iron 
flues  are  (juitc  as  eflicient  and  as  economical,  in  all  that  concerns  iho 
use  of  fuel,  as  either  the  one  or  the  other  of  the  dearer  metals  we  have 
nametl.  Why  this  should  be  so  has  excited  a  great  deal  of  unnecessary 
and  useless  speculation.  In  point  of  fact,  the  water  within  a  tubular 
boiler  is  never  in  contact  with  the  metal  of  the  tube.  The  same  holds 
true  of  the  heated  gases.  A  coating  of  deposit  of  greater  or  lesser 
thickness  collects  after  the  first  few  days  of  the  active  life  of  a  new 
boiler  on  the  exterior  of  the  flues,  and  a  coating  of  soot  forms  within. 
The  conducting  powers  of  these  two  substances,  really  measure  tho 
ealoriticant  value  of  tho  tube.  When  experiments  are  conducted  in 
the  laboratory  on  this  subject,  the  metallic  .surfaces  are  all  kept  clean, 
perhaps  bright.  Could  the  flues  of  a  locomotive  be  kept  bright  also, 
there  is  no  doubt  that  the  results  obtained  in  the  laboratory  would  bo 
vcrifii'd  in  practice.  Thus  we  flnd  that,  during  the  first  few  days  a 
brass-llued  boiler  always  makes  more  steam  than  one  the  flues  of  which 
are  of  iron.  With  the  ap|)earance  of  a  little  deposit  this  superiority 
becomes  evanescent.  Deposit  is  one  of  the  most  perfect  nonconduc- 
tors  of  heat  in  existence,  and  so  greatly  does  it  obstruct  the  passage 
of  caloric,  that  the  diff'erencc  between  the  relative  values  of  copper  ami 
iron  is  as  nothing,  when  compared  with  the  relative  values  of  iron,  and 
copper,  and  deposit,  as  conductors.  While  each  tube  is  enveloped  in  a 
second  strongl  v  adherent  tt»  it,  ami  formed  of  lime  and  clay,  it  is  a  matter 
of  very  little  consequence  ot  what  the  tube  itself  is  made.  Even  witii  sur- 
face condensation  it  is  impossible,  practically  impossible,  to  keep  the  in- 
side of  a  boiler  clean.  If  there  is  not  sulphate  of  lime,  there  is  certain  to 
be  oxide  of  iron  arising  from  the  decay  and  corrosion  of  the  plates. 
No  laboratory  experiments  have  yet  luen  undei  taken  to  tletermine  tho 
relative  value  of  encrusted  flues  of  iliflerent  metals;  simply,  we  pre- 
sume, because  it  was  eviilent  beforehaml  that  no  appreciable  difference 
would  be  found  to  exist.     To  put  the  fact  in  the  simplest  light,  it  it 
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the  deposit  whicli  directly  imparts  heat  to  the  water  with  whicli  it, 
and  not  the  tube,  is  in  contact.  All  that  the  metal  of  the  flue  can  pos- 
sibly do  is  involved  in  the  transmission  of  caloric  to  the  deposit  in  the 
first  instance. 

We  have  stated  that  a  great  number  of  experiments  have  been  un- 
dertaken to  determine  the  relative  value  of  tube  and  fire-box  surface. 
The  results  of  these  have  been  presented  to  the  world  as  conclusive. 
Yet  they  are,  one  and  all,  untrustworthy,  and  to  a  certain  extent  fal- 
lacious. In  1830  Stephenson  took  the  top  off  a  locomotive  boiler;  a 
tube-plate  separated  the  water  in  the  fire-box  shell  from  that  in  the  barrel 
of  the  boiler.  A  fire  was  lit  in  the  box,  and  the  results  obtained  went 
to  show  that  one  foot  of  fire-box  was  equivalent  to  three  of  tube  sur- 
face. In  1840  Mr.  Dewrance  performed  the  same  experiment  with  a 
difference.  He  divided  a  small  tubular  boiler  into  seven  distinct  com- 
partments, the  first  being  fire-box,  the  second  six  inches  of  tube,  and 
the  remaining  five,  a  foot  each  of  tube.  From  this  experiment  it  was 
deduced  that  the  first  six  inches  of  tube  were  equal,  square  foot  for 
square  foot,  to  the  fire-box  surface;  the  second  compartment  was  about 
one-third  as  effective ;  and  for  the  rest,  Mr.  Dewrance  stated  that  the 
evaporation  was  so  small  as  to  be  practically  useless.  Mr.  Wye  Wil- 
liams, not  many  years  ago,  fitted  up  a  tube  five  feet  long,  and  three 
inches  in  diameter,  in  his  laboratory.  This  tube  passed  through  a 
vessel  divided  into  five  compartments,  each  a  foot  long;  the  heat  was 
applied  by  means  of  a  ring  of  gas  jets  fitted  in  one  end  of  the  tube, 
turned  down  at  right  angles.  The  temperature  of  the  waste  heat  was 
said  to  have  been  800°,  yet  the  boiling  point  was  never  once  reached  in 
the  compartment  furthest  from  the  source  of  heat.  Not  one  of  these 
experiments  possesses  much  in  common  with  the  conditions  under  which 
a  tube  works  in  a  locomotive  boiler,  simply  because  the  influence  of  the 
blast  in  the  chimney  has  invariably  been  neglected.  The  caloric  to  be 
derived  by  conduction  from  heated  air  is  very  trifling,  because  hot  air 
parts  with  caloric  with  great  reluctance.  W"ith  true  flame  the  case  is  alto- 
gether different ;  the  most  intense  heats  known  in  the  arts  are  the  result 
of  flame.  The  blow-pipe,  the  lime-light,  nay,  even  the  combustion  of 
gas  in  a  common  paraffin  lamp,  are  illustrations  of  the  truth  of  this  pro- 
position. No  one  ever  attempted  with  success  to  fuze  platinum,  or  decom- 
pose the  diamond,  with  a  jet  of  heated  air ;  flame  has  alone  proved  equal 
to  the  task.  It  is  certain  that  water  takes  up  heat  very  slowly  from 
a  gas  unless  in  actual  contact  with  it,  and  the  absolute  quantity  of  ca- 
loric which  will  penetrate  a  metal  plate  apparently  varies  nearly  as  the 
cube  of  the  intensity  of  the  sensible  heat.  Why  this  should  be  so  we 
know  not ;  and  the  entire  problem  has  been  very  much  overlooked  by 
experimentalists.  The  relative  calorific  value,  then,  of  flame  is  tran- 
scendent as  compared  with  hot  air,  and  this  indisputable  fact  once  ad- 
mitted, there  is  no  longer  any  difficulty  in  seeing  wherein,  Stephenson's, 
Dewrance's,  and  Wye  Williams'  experiments  were  defective.  The  be- 
lief obtained  then,  as  it  does  now,  that  flame  would  not  enter  a  small 
tube.  The  inventor  of  a  safety-lamp  depending  on  this  principle  for 
its  success  was  not  likely  to  dispute  the  question;  especially  with  the 
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example  of  the  Davy-lamp — a  far  more  perfect  invention — before  his 
eyes.  We  are  toM  nothin;^  of  a  forced  draft  in  Mr.  Dcwraiice'-j  ex- 
periments, and  from  the  nature  of  those  conducted  by  Mr.  Williams 
It  is  eiuiply  impossible  that  the  flame  could  enter  the  tube  he  used. 
In  the  case  of  a  locomotive  burning;  coal,  or  even  a  gaseous  coke,  there 
is  no  doubt  whatever  that,  with  a  powerful  blast,  Haiuo  does  traverse 
the  tubes  in  whole  or  in  part  of  their  Icnjrtli;  th»;  distance  ilepi.Mi  lini; 
on  their  diameter  antl  the  force  of  the  draft.  As  a  datum  from  whicU 
deductions  may  be  drawn,  we  may  state  that  flame — true  bri;;ht  flame 
— will  traverse  a  tube  -}  ins.  diameter,  G  feet  lonj:^,  at  each  stroke  of 
the  piston,  and  we  feel  very  little  doubt  that  in  coal-burning  en- 
gines the  tube  surface  invariably  possesses  a  higher  economic  value 
in  proportion  to  the  fire-box  than  when  coke  is  burned.  We  said  there 
was  a  fourth  purpose  which  the  tube  flue  might  fulfil;  and  it  is  involv- 
ed in  permitting  the  combustion  of  gas  and  the  conequent  proJuction 
of  flame,  to  go  on  within  it.  Certainly,  it  is  somewhat  remarkable 
that,  while  Mr.  Williams  could  not  make  water  boil  by  means  of  air 
heated  to  800°,  steam  of  half  the  same  temperature  will,  if  conveyed 
througii  a  worm,  cause  water  to  boil  freely  in  an  open  vessel.  It  is 
known  that  locomotives  with  long  flues  of  small  diameter  are  unable 
to  make  steam  without  a  tremendous  blast.  The  cause  has  been  sought 
in  the  friction  of  the  air  against  the  sides  of  the  pipes.  Doubtless, 
there  is  a  certain  amount  of  truth  in  this,  but  not  all  the  truth.  Flame 
will  not  enter  a  very  small  tube  very  far,  except  under  strong  compul- 
sion, and  there  is  little  doubt  that  in  such  cases  the  value  of  the  tube 
surface  falls  off"  so  much  in  consequence  of  the  absence  of  flame  withia 
them,  that  the  evaporative  powers  of  the  boilers  suff^er  considerably. 
A  great  number  of  small  tubes  are  never  so  eflieient  individually  as  a 
smaller  number  of  large  ones.  As  to  the  relative  durability,  absence 
of  priming,  and  elficacy,  the  over-flued  boiler  will  bear  no  comparisoa 
with  its  rival. 

The  first  great  purpose  of  a  flue  is  the  conveyance  of  the  products 
of  combustion  to  the  smoke  box.  The  concluding  sentences  of  the 
last  paragraph  state  nearly  all  that  can  be  said  on  this  branch  of  the 
subject.  The  proportion  which  the  calorimeter  of  a  boiler — in  other 
words,  the  area  of  its  flues  or  tul)e9 — should  bear  to  the  area  of  grate 
bar,  is  a  question  of  considerable  importance.  In  the  case  of  the  loco- 
motive, it  is  intimately  connected  with  the  position  of  the  blast  pipe, 
its  area,  and  the  mode  in  which  it  is  fitted.  In  the  marine  boiler  the 
cubic  contents  of  the  furnace,  the  power  of  the  draft,  the  quantity  of 
the  coals,  &c.,  all  exercise  a  comsiilerable  influence.  We  purpose  re- 
turning to  this  branch  of  the  subject  at  another  time. 


Theoretical  and  Practical  Researches  on  the  Formation  of  Positive  PkolO' 
graphic  Proofs,     liy  MM.  Davvnnk  and  GlRARD. 

>'n>m  lli<>  U'IkIoii  t  hrmk-*!  Nr««,  Nix  X32. 

Photographic  images,  especially  those  known  as  positive  proofs,  are 
the  result  of  remarkable  tran&tormations,  which  might,  unless  properly 
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, studied,  be  considered  anomalies.  In  each  new  operation  the  color, 
clearness,  intensity,  and  solidity  of  the  result  may  be  very  consider- 
ably varied,  without  the  cause  of  the  variations  being  apparent.  These 
hitherto  unexplained  transformations  may,  nevertheless,  be  classed 
with  ordinary  chemical  reactions.  This  is  what  we  have  endeavored 
to  prove  by  a  series  of  researches  extending  over  six  years. 

To  produce  a  positive  proof  the  photographer  takes  a  sheet  of  paper, 
covered  with  a  sizing  of  albumen,  gelatine,  or  starch,  impregnates  it 
■with  a  soluble  chloride,  and  then  submits  it  to  the  sensitive  action  of 
a  solution  of  silver.  The  image  is  then  ready  for  insolation  ;  placed 
under  a  negative  plate  it  re-produces  inversely  the  most  delicate  de- 
tails. At  this  moment  it  is  very  brilliant,  but  will  fade  if  not  fixed  by 
re-agents,  which  dissolve  on  the  unacted  salts  ;  and  its  coloration  would 
be  confined  to  the  red  tints  given  by  contact  with  the  fixers  were  it 
not  finally  submitted  to  the  action  of  the  coloring  liquids  called  toning 
agents. 

These  successive  operations  require  all  the  attention  of  the  chemist; 
we  have  followed  them  step  by  step,  and  each  has  revealed  to  us  some 
new  facts,  of  which  we  will  give  a  succinct  resume. 

On  Paper. — It  is  a  fact  well  known  to  photographers  that  proofs 
prepared  under  the  same  conditions,  but  on  papers  of  diflferent  origin, 
produce  tones  varying  extremely.  Tiie  cause  of  these  variations  arise 
from  the  intiuence  exercised  by  the  sizing  of  the  photographic  papers. 
A  proof  on  unsized  paper  when  taken  from  the  fixing  bath  is  always 
grey  and  flat ;  while  on  gelatinized,  albuminized,  or  starched  paper,  it 
always  has  a  red  brilliant  tone,  increasing  in  vigor  with  the  abund- 
ance of  the  sizing.  In  this  case  a  combination  takes  place  between 
the  sizing  and  the  silver  compounds,  and  this  combination,  a  true  lake 
color,  manifests  its  influence  towards  the  finishing  of  the  proof.  The 
fact  may  easily  be  directly  demonstrated:  a  mixture  of  chloride  and 
nitrate  of  silver  long  exposed  to  the  light,  then  heated  with  hyposul- 
phite of  soda,  leaves  as  residue  a  grey  metallic  powder  ;  while  the  same 
mixture,  with  the  addition  of  gelatine,  albumen,  or  starch,  gives,  under 
the  same  circumstances,  a  matter  which  gradually  dries  under  the 
form  of  a  brilliant  red  varnish,  and  which  is  found,  on  analysis,  to  con- 
tain carbon,  hydrogen,  and  nitrogen.  This  argento-organic  lake  plays 
a  considerable  part  in  obtaining  a  photographic  image;  we  shall  have 
fresh  occasion  to  appreciate  its  importance  when  investigating  the 
causes  of  the  alteration  of  the  proofs. 

Tlie  Salting. — The  first  operation  which  the  paper  undergoes  is  the 
imbibition  of  a  soluble  chloride;  for  this  purpose  chloride  of  sodium  is 
usually  employed,  but  certain  authors  recommend  various  other  metal- 
lic chlorides,  attributing  special  qualities  to  them.  We  have  shown 
that  the  difi"erences  in  action  of  these  chlorides  are  more  apparent  than 
real ;  they  are  always  to  be  ascribed  to  the  varying  excess  of  acid  with 
which  the  salts  are  impregnated.  With  any  chloride  very  various  co- 
loring may  be  obtained ;  mixed  with  an  excess  of  acid  or  alkali,  this 
chloride  will  always  give  a  redder  tinge  than  if  employed  in  a  neutral 
flUte;  the  natural  explanation  of  this  result  ia  to  be  found  in  the  nor- 
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mal  action  of  acids  and  alkalies  on  the  organic  matters  employed  for 
si'zinL'. 

On  Rendering  Sensitive. — Chlorinated  anrl  dricil,  the  paper  is  then 
jdaced  on  a  bath  of  nitrate  of  silver;  three  thinjjs  thus  result  from  this 
and  the  sensitive  surface  on  comin;^  froin  this  liath  is  formed  of  chlo- 
ride of  silver,  of  a  combination  of  gelatine,  all)uinen,  or  starch,  with 
nitrate  of  silver;  and,  lastly,  of  an  excess  of  free  nitrate  of  silver. 
The  presence  of  these  three  substances  is  indispensable  to  the  produc- 
tion of  a  good  proof;  chloride  of  silver  alone  gives  but  a  dull  and  su- 
perficial image,  but  it  produces  the  image  rapidly;  nitrate  in  excess 
gives  the  necessary  depth  of  this  image,  and  the  nrgentico-organic 
liike  gives  it  the  characteristic  red  color.  The  sensitivizing  bath  may 
vary  in  richness,  and  we  have  carefully  stndicil  the  effect  of  these  va- 
riations ;  it  may  be  neutral  acid  or  alkaline  ;  in  the  two  latter  cases  tho 
effect  is  the  same  as  if  the  acid  or  alkali  had  been  added  to  the  chlo- 
ride bath. 

On  Insolation. — To  determine  the  effect  of  light  on  the  sensitive 
surface,  the  composition  of  which  we  have  given,  is  certainly,  from  x\ 
theoretical  point  of  view,  the  most  important  part  of  our  researches. 
It  is  universally  admitted  that  chloride  of  silver  exposed  to  the  solar 
rays  undergoes  decomposition  and  disengages  part  of  its  chlorine;  but 
the  question  is  really  much  more  complex  than  at  first  appears,  an<l 
it  is  necessary  to  ascertain  not  only  what  becomes  of  the  chloride,  but 
also  what  becomes  of  the  argentico-organic  combination  of  free  nitre. 

First  as  to  the  chloride.  It  has  long  been  thought  that  light  rc'luced 
this  body  to  the  state  of  sub-chloride  AgXl.  Wc  have  shown  that  such 
is  not  the  case,  and  we  stated  that  the  decomposed  chloride  separates 
entirely  as  chlorine  and  metallic  silver.  Wc  have  established  this,  tho 
principal  point,  by  first  proving  that  the  product  of  the  action  of  light 
on  chloride  of  silver  is  soluable  in  hot  nitric  acid,  while  the  essential 
property  of  sub-chloride  AgjCl  is  its  insolubility  in  this  re-agent,  and 
that  this  product,  freed  by  hyposulphite  of  soda  from  the  unreduced 
chloride  of  silver,  contains  no  trace  of  chlorine. 

It  has  certainly  been  objected  to  this  last  proof  that  hyposulphite 
of  soda  used  as  a  fixing  agent  might  have  decomposed  the  sub-chlo- 
ride AgoCl  into  the  chloride  AgCl,  which  would  there  dissolve  into 
metallic  silver;  but  the  only  good  experiment  cited  in  support  of  this 
hypothesis  is  the  change  in  the  color  of  the  insolated  proof  when  place<l 
in  contact  with  the  fixing  agent.  Now,  wc  have  ascertained  that  this 
change  of  color  is  due  to  quite  another  cause,  to  a  hydratation  of  the 
argentico-organic  lake,  and  that  this  result  is  to  be  obtained  by  simply 
exposing  the  proof  to  the  vapors  of  boiling  wiiter.  Chloride  of  silver, 
then,  is  transformed  by  the  action  of  light  into  chlorine  and  metallic 
silver. 

It  is  the  disengagement  of  chlorine  from  this  decomposition  which 
makes  nitrate  of  silv(>r  play  so  important  a  part  in  positive  photogra- 
]>hy.  Thus,  as  we  have  already  observed,  a  proof  obtained  with  chlo- 
vitle  of  silver  only  is  always  tame  and  effective ;  in  presence  of  excess 
of  nitrate,  on  the  contrary,  it  acquires  great  brilliancy.     This  result 
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is  easily  explained ;  in  fact,  the  action  of  light  on  a  uniform  surface 
of  chloride  of  silver  is  soon  limited  by  the  opaque  layer  produced  by 
the  superficial  reduction  of  the  argentic  compound  ;  but  if  this  com- 
pound is  mixed  with  free  nitrate  of  silver  then,  beside  the  portions  re- 
duced, and  under  the  influence  of  the  chlorine,  they  disengage,  there 
are  formed  new  quantities  of  chloride,  which  may  then  be  attacked  by 
light,  because  before  this,  in  the  state  of  nitrate,  these  portions  occupied 
a  particular  place,  and  the  reduced  silver  did  not  hitherto  recover  them ; 
so  that  instead  of  a  dull  image  several  excessive  layers  are  formed, 
which  give  to  the  design  the  required  depth. 

At  the  same  time  that  the  chloride  of  silver  is  reduced  to  a  metallic 
state  the  argentico-organic  combination  is  also  reduced,  forming  a  sort 
of  insoluble  lake,  which,  hydrating  by  contact  with  alkaline  fixers, 
communicates  a  very  pronounced  red  coloring  to  the  proof. 

The  applications  of  these  fixers  is  the  second  phase  in  the  manipu- 
lations required  in  positive  photography. — Comptes-Rendus,  Iviii.,  034. 


Description  of  a  Neio  Barometer. 

Trom  the  Juuinal  of  the  Society  of  Arts,  No.  593. 

This  barometer  consists  of  a  column  of  mercury  placed  in  a  glass 
tube  hermetically  sealed  at  the  top,  and  perfectly  open  at  the  bottom. 
The  lower  half  of  the  tube  is  of  larger  bore  than  the  upper.  If  a  col- 
umn of  mercury,  of  exactly  the  length  which  the  atmosphere,  at  the 
given  time,  is  capable  of  supporting,  were  placed  in  a  tube  of  glass, 
hermetically  sealed  at  the  top,  of  equal  bore  from  end  to  end,  the  mer- 
cury would  be  held  in  suspense ;  but  immediately  the  pressure  of  the 
atmosphere  increased,  the  mercury  would  rise  towards  the  top  of  the 
tube,  and  remain  there  till,  on  the  pressure  decreasing,  it  would  fall 
towards  the  bottom,  and  the  portion  which  the  atmosphere  was  unable 
to  support  would  drop  out.  If,  however,  the  lower  half  of  the  tube  be 
made  a  little  larger  in  the  bore  than  the  upper,  then,  when  the  column 
falls,  the  upper  portion  passes  out  of  the  smaller  part  of  the  tube  into 
the  larger,  and,  owing  to  the  greater  capacity  of  the  latter,  the  lower 
end  of  the  column  of  mercury  does  not  sink  to  the  same  extent  as  the 
upper  end,  and  the  column,  as  a  matter  of  course,  becomes  shorter. 
This  falling  will  continue  until  the  column  is  reduced  to  that  length 
which  the  atmosphere  is  capable  of  supporting,  and  the  scale  attached 
thus  registers  this  fall,  or  what  is  ordinarily  termed  the  height  of  the 
barometer.  From  the  above  description  it  will  be  evident  that,  by 
merely  varying  the  proportions  in  the  sizes  of  the  two  parts  of  the 
tube  a  scale  of  any  length  can  be  obtained.  For  example,  if  the  tubes 
are  very  nearly  the  same  size  in  bore,  the  column  has  to  pass  through 
a  great  distance  before  the  necessary  compensation  takes  place,  and 
a  very  long  scale  may  thus  be  obtained,  say  ten  inches  for  every  one 
inch  rise  and  fall  in  the  ordinary  barometer.  But  if  the  lower  tube 
is  made  much  longer  than  the  upper,  the  mercury  passing  into  it 
quickly  compensates,  and  a  small  scale,  say  from  two  to  three  inches 
for  every  inch,  is  obtained.     To  ascertain  how  many  inches  this  rise 
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ftnd  fall  for  an  ordinary  inch  of  the  haromctcr  would  bo,  the  inventor, 
Mr.  IliclvK,  of  Ilutton-^'tinlen,  attaches  liis  baroractrr  with  a  standard 
baronieter  to  an  air-pump  rtceiver,  and  thus  ascertains  the  Bcaic  for 
every  inch,  from  31  to  27  inches.  On  the  same  princifde,  as  regards 
the  tube,  the  inventor  has  constructed  an  abpolute  standard  baronieter 
graduating  the  fscale  from  the  centre,  and  reading  it  off  at  each  end 
of  the  column  with  two  verniers,  to  the  one-thousandth  of  an  inch. 
To  ascertain  the  height  of  the  barometer  graduated  in  this  way,  he 
takes  a  reading  of  the  ujtper  surface  of  the  column  of  mercury  with 
one  vernier,  then  of  the  lower  surface  in  the  same  way  with  the  other 
vernier,  and  by  adiling  the  two  readings  togpthcr,  h»«  gets  the  exact 
length  of  the  column  of  mercury  supported  in  the  air,  which  is  the 
true  height  of  the  baruineter  at  the  time.  (Jay-Lussac's  pipette  is  in- 
troduced into  the  centre  of  tlie  tube  to  prevent  the  possibility  of  any 
air  passing  up  into  the  top.  Such  a  barometer  is  convenient  for  niea- 
Huring  mountain  heights,  being  very  portable  and  getting  rid  of  the 
cistern,  and  the  corrcctionB  necessary  when  this  is  usetl. 


On  the  Molecular  Mohility  of  Gatet.     By  TiioM.\s  Gu.uiam,  F.Il.S. 

The  molecular  mobility  of  gases  is  here  considered  in  reference 
chiefly  to  the  jtassage  of  gases,  under  pressure,  through  a  thin  porous 
plate  or  septum,  ami  to  the  partial  separation  of  mixed  gases  which 
can  be  effected,  as  will  be  shown,  by  such  means.  The  invesligatioQ 
arose  out  of  a  renewed  and  somewhat  protracted  inquiry  regiirding 
the  diffusion  of  gases  (tlepending  upftti  the  same  molecular  ni'il.ihty), 
and  has  afforded  curtain  new  re>ults  which  may  |)rovc  to  be  of  iuterciit 
in  a  theoretical  as  well  as  in  a  practical  point  of  view. 

In  the  diffusiometer,  as  first  constructed,  a  plain  cylinderical  glass 
tube,  rather  less  than  an  inch  in  diameter  and  about  ten  inches  in 
length,  was  simply  closed  at  one  end  by  a  porous  plate  of  pla^ter  of 
pans,  about  one-third  of  an  inch  in  thickness,  ami  tiius  converted  into 
a  gas  receiver.*  A  superior  material  for  the  porous  plate  is  now  found 
in  the  artificially  com|»rcssed  graphite  of  .Mr.  llrockedon,  of  the  quality 
used  for  making  writing-pencils.  This  material  is  sold  in  London  in 
small  cubic  masses  about  2  inches  s<|uarc.  A  cube  may  easily  be  cut 
into  slices  of  a  millimetre  or  two  in  thickness  by  means  of  a  saw  of  steel 
spring.  By  rubbing  the  surface  of  the  slice  without  wetting  it  upon 
a  Hat  sandstone,  t!ie  thickness  may  be  further  reduced  to  about  one- 
half  of  a  millimetre.  A  circular  disk  of  this  graphite,  which  is  like 
a  wafer  in  thickness  but  possesses  considerable  tenacity,  is  attached 
by  resinous  cement  to  one  end  of  the  glass  tube  above  described,  .-o  as 
to  close  it  and  form  a  diffusiometer.  The  tube  is  filled  with  hydrogen 
gas  over  a  mercurial  trough,  the  porosity  of  the  graphite  plate  being 
counteracted  for  the  time  by  covering  it  tightly  with  a  thin  sheet  of 
gutta  percha.     On  afterwards  removing  the  latter,  gaseous  diffusion 

•  "On  the  L«w  of  tho  DilTuKion  of  (;mm'»."  TrmiNictiiu;  -         -  ^ 
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301. 
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immediately  takes  place  through  the  pores  of  the  graphite.  The  whole 
hydrogen  will  leave  the  tube  in  forty  minutes  or  an  hour,  and  is  re- 
placed by  a  much  smaller  proportion  of  atmospheric  air  (about  one- 
fourth),  as  is  to  be  expected  from  the  law  of  the  diffusion  of  gases. 
During  the  process,  the  mercury  will  rise  in  the  tube,  if  allowed, 
forming  a  column  of  several  inches  in  height — a  fact  which  illustrates 
strikingly  the  intensity  of  the  force  with  which  the  interpenetration 
of  different  gases  is  effected.  The  native  or  mineral  graphite  is  of  a 
lamelar  structure,  and  appears  to  have  little  or  no  porosity.  It  can- 
not be  substituted  for  the  artificial  graphite  as  a  diffusion-septum. 
Unglazed  earthenware  comes  next  in  value  to  graphite  for  this  purpose. 

The  pores  of  artificial  graphite  appear  to  be  really  so  minute,  that 
a  gas  in  mass  cannot  penetrate  the  plate  at  all.  It  seems  to  be 
molecules  only  which  can  pass  ;  and  these  may  be  supposed  to  pass 
wholly  unimpeded  by  friction,  for  the  smallest  pores  that  can  be 
imagined  to  exist  in  the  graphite  must  be  tunnels  in  magnitude  to  the 
ultimate  atoms  of  a  gaseous  body.  The  sole  motive  agency  appears 
to  be  that  intestate  movement  of  molecules  which  is  now  generally 
recognised  as  an  essential  property  of  the  gaseous  condition  of  matter. 

According  to  the  physical  hypothesis  now  generally  received,*  a 
gas  is  represented  as  consisting  of  solid  and  perfectly  elastic  spherical 
particles  or  atoms,  which  move  in  all  directions,  and  are  animated 
with  different  degrees  of  velocity  in  different  gases.  Confined  in  a 
vessel,  the  moving  particles  are  constantly  impinging  against  its  sides 
and  occasionally  against  each  other,  and  such  collisions  take  place 
without  any  loss  of  motion,  owing  to  the  perfect  elasticity  of  the  par- 
ticles. Now  if  the  containing  vessel  be  porous,  like  a  diffusiometer, 
then  gas  is  projected  through  the  open  channels,  by  the  atomic 
motion  described,  and  escapes.  Simultaneously  the  external  air  or 
gas,  whatever  it  may  be,  is  carried  inwards  in  the  same  manner,  and 
takes  the  place  of  the  gas  which  leaves  the  vessel.  To  the  same 
atomic  or  molecular  movement  is  due  the  elastic  force,  with  the  power 
to  resist  compression,  possessed  by  gases.  The  molecular  movement 
is  accelerated  by  heat  and  retarded  by  cold,  the  tension  of  the  gas 
heincr  increased  in  the  first  instance  and  diminished  in  the  second. 
Even  when  the  same  gas  is  presented  both  within  and  without  the 
vessel,  and  is  therefore  in  contact  with  both  sides  of  the  porous  plate, 
the  movement  is  sustained  without  abatement — molecules  continuing 
to  enter  and  leave  in  equal  number,  although  nothing  of  the  kind  is 
indicated  by  change  of  volume  or  otherwise.  If  the  gas  in  communi- 
cation be  different  but  possess  sensibly  the  same  specific  gravity  and 
molecular  velocity,  as  nitrogen  and  carbonic  oxide  do,  an  interchange 
of  molecules  also  takes  place  without  any  change  in  volume.  With 
gases  opposed  of  unequal  density  and  molecular  velocity,  the  amount 
of  penetration  ceases  of  course  to  be  equal  in  both  directions. 

*  D.  Bernoulli,  J.  Herapatli,  Joule,  Kronig,  Clausius,  Clerk  Maxwell,  and  Cazin. 
The  merit  of  reviving  this  hj-pothesis  and  first  applying  it  to  the  facts  of  gaseous 
diffusion,  is  fairly  due  to  Mr.  Herapath.  !See  "  Mathematical  Physics,"  in  two 
volumes,  by  John  Herapath,  Esq.,  (1«47.) 
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These  observations  arc  preliminary  to  the  consiileration  of  the 
passage  through  a  irrapliite  pl.ite,  in  one  direction  only,  of  gas  under 
pressure,  »)r  under  the  intluericc  of  its  own  elastic  force.  It  is  to  bo 
supposed  that  a  vacuum  is  maintained  on  one  side  of  the  porous  sep- 
tum, and  that  air  or  some  other  gas,  under  a  constant  pressure,  is  in 
contact  with  the  otluT  side.  Now  a  gas  niay  pass  into  a  vacuum,  ia 
three  diftercnt  modes,  or  in  two  modes  besides  that  immediately 
before  us. 

1.  The  gas  may  enter  the  vacuum  by  passing  through  a  minute 
aperture  in  a  thin  plate,  such  as  a  puncture  in  platinum  foil  made  by 
a  fine  steel  point.  The  rate  of  passage  of  different  gases  is  then  re- 
gulatecl  hy  their  specific  gravities,  according  to  a  pneumatic  law  which 
was  deiluced  by  Professor  John  llohison  from  TorriccUi's  well-known 
theorem  of  the  velocity  of  efflux  of  tluiils.  A  gas  rushes  into  a  vacuum 
with  the  velocity  which  a  heavy  body  would  acquire  by  falling  from 
the  height  of  an  atmosphere  composed  of  the  gas  in  question,  and 
supposed  to  be  of  uniform  density  tiiroughout.  The  height  of  tho 
unitorni  atmosphere  will  be  inversely  as  the  specific  gravity  of  the  gas, 
the  atmosphere  of  hydrogen,  for  instance,  sixteen  times  higher  than 
that  of  oxygen.  But  as  tho  velocity  acquired  by  a  heavy  body  in 
falling  is  not  directly  as  the  height,  but  as  the  square  root  of  the 
height,  tho  rate  of  flow  of  different  gases  into  a  vacuum  will  be  in- 
versely as  the  .s(]uare  root  of  their  rej^pective  densities.  The  velocity 
of  oxygen  being  1,  that  (»f  hydrogen  will  be  4,  the  square  root  of  l>i. 
This  law  has  been  experimentally  verified.*  'J'he  times  of  the  effusion 
of  gases,  as  I  have  spoken  of  it,  arc  similar  to  those  of  tho  law  of 
molecular  diffusion  ;  but  it  is  important  to  observe  that  the  phenomena 
of  effusion  ami  diflusion  are  ilistinct  and  essentially  different  in  their 
nature.  The  eflinion  movement  affects  masses  of  gus,  the  dilfu'iion 
movement  affects  molecules  ;  and  a  gas  is  usually  carried  by  the  former 
kind  of  impulse  with  a  velocity  many  thousand  times  greater  than  by 
the  latter.  The  efl'usion  velocity  of  air  is  tho  same  as  the  velocity  of 
bound. 

2.  If  the  aperture  of  efflux  be  in  a  plate  of  increased  thickness, 
and  so  becomes  a  tube,  the  effusion-rales  of  gases  are  disturbc«l.  The 
rates  of  How  of  different  gases,  however,  assume  again  a  constant  ratio 
to  each  other  when  the  capillary  tube  is  considerably  elongated,  when 
the  length  exceeds  the  diameter  at  least  4000  times.  These  new  pro- 
portions of  efllux  are  the  rates  of  tho  '*  Capillary  Transpiration  of 
Gases."!  The  rates  wero  found  to  bo  the  same  in  a  capillary  tub© 
composed  of  copper  as  they  are  in  a  tube  of  glass,  and  appear  to  bo 
indepentlent  of  the  material  of  the  capillary.  A  film  of  gas  no  doubt 
adheres  to  tho  inner  surface  of  the  tube,  and  the  friction  is  really  thac 
of  gas  upon  gas,  and  is  consequently  unaffected  by  the  nature  of  the 
tube-substance.  The  rates  of  transpiration  are  not  gi>verned  by  speci- 
fic gravity,  and  are  indeed  singularly  utdike  the  rates  of  effusion. 

The  transpiration-velocity  of  oxygen  being   1,    that  of  chlorine 

•  "On  the  Motion  of  ()a«o«.'  Phil.  Tr^nn.  184G  p.  673. 
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I'O,  that  of  hydrogen  2-26,  of  ether  vapor  at  low  temperatures  the 
same  or  nearly  the  same  number  as  hydrogen,  of  nitrogen  and  car- 
bonic oxide  half  the  velocity  of  hydrogen,  of  olefiant  gas,  ammonia, 
and  cyanogen  2  (double  or  nearly  double  that  of  oxygen),  of  carbonic 
acid  1*876,  and  of  the  gas  of  marshes  1*815.  In  the  same  gas  the 
transpirability  of  equal  volumes  increases  with  density,  whether  oc- 
casioned by  cold  or  pressure.  The  transpiration-ratios  of  gases  ap- 
pear to  be  in  constant  relation  with  no  other  known  property  of  the 
same  gases,  and  they  form  a  class  of  phenomena  remarkably  isolated 
from  all  else  at  present  known  of  gases. 

There  is  one  property  of  transpiration  immediately  bearing  upon 
the  penetration  of  the  graphite  plate  by  gases.  The  capillary  ofters 
to  the  passage  of  gas  a  resistance  analogous  to  that  of  friction,  pro- 
portional to  the  surface,  and  consequently  increasing  as  the  tube  or 
tubes  are  multiplied  in  number  and  diminished  in  diameter,  with  the 
area  of  discharge  preserved  constant.  The  resistance  to  the  passage 
of  a  liquid  through  a  capillary  was  observed  by  Poiseuille  to  be  nearly 
as  the  fourth  power  of  the  diameter  of  the  tube.  In  gases  the  resist- 
ance also  rapidly  increases;  but  in  what  ratio,  has  not  been  observed. 
The  consequence,  however,  is  certain,  that  as  the  diameter  of  the 
capillaries  may  be  diminished  beyond  any  assignable  limit,  so  the  flow 
may  be  retarded  indefinitely,  and  caused  at  last  to  become  too  small 
to  be  sensible.  We  may  therefore  have  a  mass  of  capillaries  of  which 
the  passages  form  a  large  aggregate,  but  which  are  individually  too 
small  to  permit  a  sensible  flow  of  gas  under  pressure.  A  porous  solid 
mass  may  possess  the  same  reduced  penetrability  as  the  congeries  of 
capillary  tubes.  Indeed  the  state  of  porosity  described  appears  to  be 
more  or  less  closely  approached  by  all  loosely  aggregated  mineral 
masses,  such  as  lime-plaster,  stucco,  chalk,  baked  clay,  non-crystalline 
earthy  powders  like  hydrate  of  lime  or  magnesia  compacted  by  pres- 
sure, and  in  the  highest  degree  perhaps  by  artificial  graphite. 

3.  A  plate  of  artificial  graphite,  although  it  appears  to  be  practi- 
cally impenetrable  to  gas  by  either  of  the  two  modes  of  passage  pre- 
viously described,  is  readily  penetrated  by  the  agency  of  the  molecu- 
lar or  diff'usive  movement  of  gases.  This  appears  on  comparing  the 
time  required  for  the  passage  of  equal  volumes  of  different  gases  under 
a  constant  pressure.  Of  the  following  three  gases,  oxygen,  hydrogen, 
and  carbonic  acid,  the  time  required  for  the  passage  of  an  equal  volume 
of  each  through  a  capillary  glass  tube,  in  similar  circumstances  as  to 
pressure  and  temperature,  was  formerly  observed  to  be  as  follows : — 

Time  of  capillary 
transpiration. 
Oxygen,  .  ,  •  .  1 

Carbonic  acid,    .  .  .  0*72 

Hydrogen,  .  .  •  O-il 

Through  a  plate  of  graphite,  of  half  a  millimetre  in  thickness,  the 
same  gases  were  now  observed  to  pass,  under  a  constant  pressure  of 
a  column  of  mercury  of  100  millimetres  in  height,  in  times  which  are 
as  follows: — 
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Timo  of  molecular  Square  root  of  dcntity 
jiu*Mit;<r.  (oxygen  i). 

OxyRf^n,         ...  1  .  .         1 

Hv<lroK«-n,    .  0  247J  u  •.>.V»2 

Carbonio  Hcid,  118«ti  1\1M 

It  appcar.s  then  tlint  tlio  times  of  pap.sage  tlirough  the  (»raphite  plato 
liavc  no  relation  to  the  capilhiry  transpiration-tiiucs  of  the  .'^ame  gasos 
fifHt  quoted  above.  The  new  times  in  (juchtion,  however,  show  a  close 
relation  to  the  square  roots  of  the  densities  of  the  respective  gases,  as 
is  s('<n  ill  the  la.st  Table;  and  so  far  they  agree  with  theoretical  times 
of  (lifjunion  usually  a.scribed  to  the  same  gases. 

The  experiments  were  varied  by  causing  the  gases  to  pass  into  a 
Torricellian  vacuum,  and  consequently  under  the  full  pressure  of  the 
atnio<|)here.  The  times  of  penetration  of  equal  volumes  of  gases 
ucie  now : — 

Time*.  ,    Deiuit/. 

Oxygon,  ...  1  .  .         1 

Air.  .  0-9o01  o  !».'>07 

('Hrbonlcncid,  118«)0       .  1  17M) 

lIy<lroj,'.ii,     .  0::605  u-i:,{yl 

This  penetration  of  the  graphite  plate  by  gases  appears  to  be  entirely 
due  to  their  own  proper  molecular  motion,  (juite  unaided  by  transpira- 
tion. It  seems  to  ofler  the  sim[)lest  possible  exhibition  of  the  molecu- 
lar cr  difl'usive  movement.  This  pure  result  is  to  bo  ascribed  to  tho 
•NvoiMlcrfuliy  line  poro.sity  of  the  graphite.  Tlic  interstitial  spaces,  or 
channels,  appear  to  be  sufliciently  small  to  extinguish  tran.'«piralion, 
or  tho  passage  of  masses,  entirely.  The  graphite  becomes  a  molecu- 
lar sieve,  allowing  jnolecules  only  to  pass  through. 

\\  ith  u  plate  of  stucc<»,  the  penetration  of  gases  under  pressure  la 
very  rapid,  and  the  volumes  of  air  and  hydrogen  pa.«<sing  in  equal 
times  are  as  1  to  -SDl,  which  is  a  number  for  hydrogen  iuiermediate 
between  its  transpiration-volume  -•04  and  diflusion-volume  38,  show- 
ing that  tho  passage  through  stucco  is  a  mixed  result. 

With  a  plate  of  biscuit  ware,  'I'l  millimetres  in  thickness,  the  volume 
of  hydrogen  rose  to  3-754  (air—1),  approaching  closely  to  3*8,  tho 
molecular  ratio. 

The  rate  of  passage  of  a  gas  through  graphite  appeared  also  to  bo 
closely  proportional  to  the  pressure. 

Further,  hydrogen  was  found  to  penetrate  through  a  graphite  plate 
into  a  vacuum,  with  sensibly  the  same  absolute  velocity  as  it  diffused 
into  air,  establishing  the  iniftortant  fact  that  the  impelling  force  is  the 
sanie  in  both  movements.  The  molecular  mobility  niay  therefore  be 
spoken  of  as  tho  difl'usive  movement  of  gases;  the  passage  of  gan 
through  a  porous  plate  into  a  vacuum,  as  diffusion  in  one  direction  or 
single  ilifl'usion;  ond  ordinary  diffusion,  or  the  passage  of  two  gases  in 
opposite  directions,  as  double,  compound,  or  reciprocal  difl'usion. 

Atmoli/nis. — A  partial  separation  o(  mixe«l  gases  antl  vapors  of 
unequal  ilirtusibility  can  be  effected  by  ulh»wing  the  mixture  to  per- 
meate through  a  graphite  plate  into  a  vacuum,  as  was  to  be  expectcl 
from  the  preceding  views.     As  this  method  of  analysis  has  a  practical 
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character  atid  admits  of  wide  application,  it  may  be  convenient  to 
distinguish  it  by  a  peculiar  name.  The  amount  of  the  separation  is 
in  proportion  to  the  pressure,  and  attains  its  maximum  when  the  gases 
pass  into  a  nearly  perfect  vacuum.  A  variety  of  experiments  were 
made  on  this  subject,  of  which  perhaps  the  most  interesting  were  those 
upon  the  concentration  of  the  oxygen  in  atmospheric  air.  When  a 
portion  of  air  confined  in  a  jar  is  allowed  to  penetrate  into  a  vacuum 
through  graphite  or  unglazed  earthenware,  the  nitrogen  should  pass 
more  rapidly  than  the  oxygen  in  the  proportion  of  1'0668  to  1  and 
the  proportion  of  oxygen  be  proportionally  increased  in  the  air  left 
oehind  in  the  jar.  The  increase  in  the  oxygen  actually  observed  when 
the  air  in  the  jar  was  reduced  from  1  volume 

To  0-5  volume,  was  0-48  per  cent. 
0-25  "  "     0-98       " 

0-12o  "  «'     1-54       " 

0-0625         «'  "     2-02       " 

Or,  the  oxygen  increased  from  21  to  23-02  per  cent,  in  the  last  six- 
teenth part  of  air  left  behind  in  the  jar. 

The  most  remarkable  effects  of  separation  are  produced  by  means 
of  the  tube  atmolyser.     This  is  simply  a  narrow  tube  of  unglazed  carth- 
onware,  such  as  a  tobacco-pipe  stem  two  feet  in  length,  which  is  placed 
within  a  shorter  tube  of  glass  and  secured  in  its  position  by  corks, 
so  as  to  appear  like  a  Liebig's  condenser.     The  glass  tube  is  placed 
in  communication  with  an  air-pump,  and  the  annular  space  between 
the  two  tubes  is  maintained  as  nearly  vacuous  as  possible.     Air  or 
any  other  mixed  gas  is  then  allowed  to  flow  in  a  stream  along  the  clay 
tube,  and  collected  as  it  issues.     The  gas  so  atmolysed  is  of  course 
reduced  in  volume,  much  gas  penetrating  through  the  pores  of  the  clay 
ube  into  the  air-pump  vacuum  ;  and  the  slower  the  gas  is  collected 
he  greater  the  proportional  loss.     In  the  gas  collected,  the  denser 
constituent  of  the  mixture  is  thus  concentrated  in  an  arithmetical  ratio, 
while   the    volume  of  the  gas  is  reduced  in  a  geometrical  ratio.     In 
one  experiment  the  proportion  of  oxygen  in  the  air  after  traversing 
the  atmolyser  was  increased  to  24*5  per  cent.,  or  16-7  upon  100  oxy- 
gen originally  present  in  the  air.     With  gases  differing  so   much  in 
density  and  diffusibility  as  oxygen  and  hydrogen,  the  separation  is  of 
course  much  more  considerable.    The  explosive  mixture  of  two  volumes 
of  hydrogen  and  one  volume  of  oxygen,  gave  oxygen  containing  only 
9-3  per  cent,  of  hydrogen,  in  which  a  taper  burned  without  explosion; 
and  with  equal  volumes  of  oxygen  and  hydrogen,  the  proportion  of  the 
latter  was  easily  reduced  from  50  to  5  per  cent. 

Interdiffusion  of  Gases — double  diffusion. — The  diffusiometer  was 
much  improved  in  construction  by  Prof.  Bunsen,  from  the  application 
of  a  lever  arrangement  to  raise  and  depress  the  tube  in  the  mercurial 
trouo-h.  But  the  mass  of  stucco  forming  the  porous  plate  in  his  instru- 
ment was  too  voluminous,  in  my  opinion,  and,  from  being  dried  by 
heat,  had  probably  detached  itself  from  the  walls  of  the  glass  tube. 
The  result  obtained  of  3-4  for  hydrogen,  air  being  1,  is,  I  understand, 
no  longer  insisted  upon  by  that  illustrious  physicist.     It  is  indeed 
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curious  that  my  old  experiments  generally  rather  exceeded  than  fell 

short   of    the  theoretical  number  for  hydrogen  \;,.  ,..,.,,. —  S'TUOT. 

With  stucco  as  the  material,  the  cavities  in  the  porous  plate  form 
about  one-fourth  of  its  bulk,  and  affect  sensibly  the  ratio  in  question, 
according  as  they  are  or  arc  not  included  in  the  capacity  of  the 
instrument.  Ijc^inning  the  diffusion  always  with  these  cavities  fdled 
with  hydrogen,  tiie  numbers  now  obtained  with  n  stucco  plate  of  12 
milliiiu'tres  in  thickness,  dried  without  heat,  were  3'7H3,  3*8,  and  3-739 
■when  the  volume  of  the  cavities  of  stucco  is  added  to  the  air  and  hy- 
drogen, and  3*031,  31>4y,  and  3-883  when  such  addition  is  not  made 
to  tliesc  volumes.  The  graphite  plate,  on  the  other  hand,  being  thin, 
and  the  volume  of  its  pores  too  minute  to  require  to  be  taken  into 
account,  its  action  is  not  attended  with  the  same  uncertainty.  With 
a  graf)hite  plate  of  2  millimetres  in  thickness,  the  number  fur  hydro- 
gen into  air  was  3*870,  ami  of  hydrogen  into  oxygen  4*124,  instead 
of  4.  With  a  graphite  plate  of  1  millimetre  in  thickness,  hydrogen 
gave  3t>y3  to  air  1.  With  a  graphite  plate  of  0-5  njillimetrc  in  thick- 
ness, the  proportional  nund»er  for  hydrogen  to  air  rose  to  3'J84,  4-007. 
A  similar  departure  from  the  theoretical  number  was  observed  when 
hydrogen  w-as  diffused  into  oxygen  or  carbonic  acid,  instead  of  air. 
All  these  experiments  were  made  over  mercury  and  with  dried  gasc>. 
It  appears  that  the  numbers  are  most  in  accorilnnce  with  theory  when 
the  graphite  plate  is  thick,  and  the  diffusion  slow  in  c<>n.xequence.  If 
the  diffusion  be  very  rapid,  as  it  is  with  the  thin  plates,  .-oniething 
like  a  current  is  possibly  formed  in  the  channels  of  the  graphite,  tak- 
ing the  direction  of  the  hydrogen  and  carrying  back  in  mass  a  little 
air,  or  the  slower  gas,  whatever  it  may  be.  I  cannot  account  other- 
wise for  the  slight  jtiedominance  which  the  lighter  an<l  faster  gas  ap- 
pears to  acquire  in  tliffusing  through  the  porous  septum. 

S/>crul(itivc  iili'(is  riHjh cling  the  conittitution  »f  matter. — It  is  con- 
ceivable that  the  various  kinds  of  matter,  now  racognised  as  different 
elementry  substances,  may  possess  one  and  the  same  ultimate  or  atomic 
molecule  cxistiiiir  in  different  conditions  of  movement.  The  essential 
unity  of  matter  is  an  hypothesis  in  harmony  with  the  equal  action  of 
gravity  upon  all  bodies.  We  know  the  anxiety  with  which  this  point 
was  investigated  by  Newton,  and  the  care  he  took  to  ascertain  that 
every  kind  of  substance,  "metals,  stones,  woo<ls,  grain,  salts,  aniunil 
substances,  &c.,"  are  similarly  accelerated  in  falling,  and  are  there- 
fore equally  heavy. 

In  the  condition  of  gas,  matter  is  deprived  of  numerous  .ind  vary- 
ing properties  with  which  it  a|»j)ears  invested  when  in  the  form  t)f  a 
liquid  or  solid.  The  gas  exhihits  «)nly  a  few  grand  and  simple  fea- 
tures. These  again  may  all  be  depontlent  upon  atomic  antl  nu>lccul&r 
mobility.  Let  us  iniagine  one  kinil  of  substance  only  to  exist,  ponclcr- 
able  matter;  and  further,  that  matter  is  devisihle  into  ultimate  atoms, 
uniform  in  size  an»l  weight.  We  shall  have  one  substance  and  a  com- 
mon atom.     With  the  atom  at  rest  the  uniformity  of  matter  would  bo 
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perfect.  But  the  atom  possesses  always  more  or  less  motion,  due,  it 
must  be  assumed,  to  a  primordial  impulse.  This  motion  gives  rise  to 
volume.  The  more  rapid  the  movement  the  greater  the  space  occupi- 
ed by  the  atom,  somewhat  as  the  orbit  of  a  planet  widens  with  the 
degree  of  projectile  velocity.  Matter  is  thus  made  to  differ  only  in 
being  lighter  or  denser  matter.  The  specific  motion  of  an  atom  being 
inalienable,  light  matter  is  no  longer  convertible  into  heavy  matter. 
In  short,  matter  of  different  density  forms  different  substances — dif- 
ferent inconvertible  elements  as  they  have  been  considered. 

What  has  already  been  said  is  not  meant  to  apply  to  the  gaseous 
volumes  which  we  have  occasion  to  measure  and  practically  deal  with, 
but  to  a  lower  order  of  molecules  or  atoms.  The  combining  atoms 
hitherto  spoken  of  are  therefore  not  the  molecules  of  which  the  move- 
ment is  sensibly  affected  by  heat,  with  gaseous  expansion  as  the  result. 
The  gaseous  molecule  must  itself  be  viewed  as  composed  of  a  group 
or  system  of  the  preceding  inferior  atoms,  following  as  a  unit  laws 
similar  to  those  which  regulate  its  constituent  atoms.  We  have  indeed 
carried  one  step  backward  and  applied  to  the  lower  order  of  atoms 
ideas  suggested  by  the  gaseous  molecule,  as  views  derived  from  the 
solar  system  are  extended  to  the  subordinate  system  of  a  planet  and 
its  satellites.  The  advance  of  science  may  further  require  an  indefi- 
nite repetition  of  such  steps  of  molecular  division.  The  gaseous  mole- 
cule is  then  a  re -production  of  the  inferior  atom  on  a  higher  scale. 
The  molecule  or  system  is  reached  which  is  affected  by  heat,  the  diffu- 
sive molecule,  of  which  the  movement  is  the  subject  of  observation  and 
measurement.  The  diffusive  molecules  are  also  to  be  supposed  uni- 
form in  weight,  but  to  vary  in  velocity  of  movement,  in  correspondence 
with  their  constituent  atoms.  Accordingly  the  molecular  volumes  of 
different  elementary  substances  have  the  same  relation  to  each  other 
as  the  subordinate  atomic  volumes  of  the  same  substances. 

But  further,  these  more  and  less  mobile  or  light  and  heavy  forms  of 
matter  have  a  singular  relation  connected  with  equality  of  volume. 
Equal  volumes  of  two  of  them  can  coalesce  together,  unite  their  move- 
ment, and  form  a  new  atomic  groupe,  retaining  the  whole,  the  half, 
or  some  simple  proportion  of  the  original  movement  and  consequent 
volume.  This  is  chemical  combination.  It  is  directly  an  affair  of 
volume,  and  only  indirectly  connected  with  weight.  Combining  weights 
are  different,  because  the  densities,  atomic  and  molecular,  are  differ- 
ent. The  volume  of  combination  is  uniform,  but  the  fluids  measured 
vary  in  density.  This  fixed  combining  measure — the  metron  of  simple 
substances — weighs  1  for  hydrogen,  16  for  oxygen,  and  so  on  with 
the  other  "elements." 

To  the  preceding  statements  respecting  atomic  and  molecular  mo- 
bility, it  remains  to  be  added  that  the  hypothesis  admits  of  another 
expression.  As  in  the  theory  of  light  we  have  the  alternative  hypo- 
thesis of  emission  and  undulation,  so  in  molecular  mobility  the  motion 
may  be  assumed  to  reside  either  in  separate  atoms  and  molecules,  or 
in  a  fluid  medium  caused  to  undulate.  A  special  rate  of  vibration  or 
pulsation  originally  imparted  to  a  portion  of  the  fluid  medium  enlivens 
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that  portion  of  matter  with  an  individual  existence,  and  constitutes  it 
a  distinct  substance  or  clement. 

Willi  respect  to  the  difTcrent  states  of  gas,  litjuid,  and  solid,  it  may 
be  observed  that  there  is  no  real  incompatibility  with  each  other  in 
these  physical  comlitions.  They  are  often  found  together  in  the  same 
substance.  The  liijuid  and  the  solid  conditions  supervene  upon  the 
gaseous  condition  rather  than  supersede  it.  Gay-Lusj«:ic  made  the 
remarkable  observation  that  the  vajiors  emitted  by  ice  and  water,  both 
at  0°  C,  are  of  exactly  e([ual  tension.  Tiie  passage  from  the  li«|ui(l 
to  the  solid  state  is  not  made  apparent  in  the  volatility  of  water.  The 
liquid  and  solid  conditions  do  not  appear  as  the  extinction  or  suppres- 
sion of  the  gaseous  condition,  but  soinetiiing  auperadded  to  that  con- 
dition. The  three  comlitions  (or  constitutions)  probably  always  coexist 
in  every  licjuid  or  solid  substance,  but  one  predominates  over  the  others. 
In  the  general  properties  of  matter  wc  have,  indeed,  to  include  still 
further  (1)  the  remarkable  loss  of  elasticity  in  vapors  under  great  pres- 
sure, which  is  distinguished  by  Mr.  Faraday  as  the  Caignard-Latour 
state,  after  the  name  of  its  discoverer,  ami  is  now  undergoing  an  in- 
vestigation by  Dr.  Andrews,  which  may  be  expected  to  throw  much 
light  upon  its  nature;  (2j  the  colloidal  condition  or  constitution,  which 
intervenes  between  the  li(|uid  and  crystalline  states,  extending  into 
both  ami  affecting  probal>ly  all  kinds  of  soVul  and  liquid  matter  in  a 
greater  or  less  <legree.  The  predominance  of  a  certain  phy:?ical  state 
in  a  substance  appears  to  be  a  distinction  of  a  kind  with  those  distinc- 
tions recognised  in  natural  history  as  being  produced  by  uncjual 
development.  Liquefaction  or  solidification  may  therefore  not  involve 
the  suppression  of  either  the  atomic  or  the  molecular  movement,  but 
only  tlie  restriction  of  its  range.  The  hypothesis  of  atomic  movement 
has  been  elsewhere  assuir.ed,  irrespective  of  the  gaseous  condition,  an<l 
is  aj)plied  by  Dr.  Williamson  to  the  elucidation  of  a  remarkable  cla^s 
of  chemical  re-actions  which  have  their  seat  in  a  mixed  liquid. 

Lastly,  molecular  or  diffusive  mobility  has  an  obvious  bearing  upon 
the  communication  of  heat  to  gases  by  contact  with  li(juid  or  solid 
surfaces.  The  impact  of  the  gaseous  molecule,  upon  a  surface  pos- 
sessing a  different  temperature,  appears  to  be  the  condition  for  the 
transference  of  heat,  or  the  heat  movement,  from  one  to  the  other. 
The  more  rapid  the  molecular  ujovement  of  the  gas  the  more  frequent 
the  contact,  with  consequent  communication  of  heat.  Hence,  pro- 
bably, the  great  cooling  power  of  hydrogen  gas  as  compared  with  air 
or  oxygen.  The  gases  named  have  the  same  specific  heat  for  equal 
volumes;  but  a  hot  object  placed  in  hydrogen  is  really  touched  3S 
times  more  freijuently  than  it  would  be  if  placed  in  air,  and  4  times 
more  frequently  than  it  wouhi  be  if  placed  in  an  atmosphere  of  oxygen 
pas.  Dalton  had  alreatly  ascribed  this  peculiarity  of  hydrogen  to  the 
high  "mobility"  of  that  gas.  The  same  molecular  jiroperiy  of  hy- 
drogen recommends  the  application  of  that  gas  in  tl»e  air  engine, 
Trhere  the  object  is  to  alternately  heat  and  cool  a  confined  volume  of 
gas  with  rapidity. 

pT\x*rdiD(«  of  Uit  Royk]  SoCMl}-,  No.  itt. 
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Artificial  Sunlight, 

From  the  London  Mechanics'  Magazine,  Ap'-il,  1864. 

We  know  that  for  many  year  past  attempts  have  been  made  to 
evolve  from  natural  elements  a  gas  or  flame  which,  on  a  small  scale, 
should  equal  in  quality  and  intensity  the  light  emitted  from  the  sun. 
Abroad,  as  well  as  at  home,  this  has  been  a  liaunting  thought  in  the 
brain  of  chemists.  Innumerable  experiments,  with  more  or  less  suc- 
cess for  their  results,  have  been  made  from  time  to  time,  and  there  is 
no  doubt  that  eventually  perseverance  will  meet  its  almost  unfailing 
reward — achievement  of  the  object  sought. 

So  long  back  as  1859,  Professor  Bunsen  and  Professor  Roscoe  sug- 
gested that  the  fusion  of  the  metal  magnesium  might  prove  to  be  the 
solution  of  the  philosophical  problem,  and  now  Mr.  Sondstadt  is  actually 
commencing  to  manufacture  that  metal  on  a  large  scale  for  photogra- 
phic purposes.  It  has  been  demonstrated  that,  by  burning  magnesium 
wire  in  a  spirit  or  oil  lamp,  an  illuminating  power  of  great  brilliancy 
might  be  gained.  The  two  professors  named,  long  since  examined  the 
photo-chemical  action  of  the  sun,  compared  with  a  terrestrial  source 
of  light,  and  this  latter  was  that  effected  by  tlie  combustion  of  magne- 
sium wire.  The  application  of  this  light  may  become,  it  is  easy  to 
perceive,  of  vast  importance  beyond  its  photographic  uses.  A  burning 
magnesium  wire,  of  the  thickness  of  0-297  millimetre,  evolves  as  much 
light  as  seventy-four  stearine  candles,  of  which  five  go  to  the  pound. 
In  order  to  produce  a  light  equal  to  that  of  seventy-four  such  candles 
burning  for  ten  hours,  and  in  which  20  lbs.  of  stearine  would  be  con- 
sumed, 72'2  grammes  of  magnesium  Avire  would  be  required.  The 
magnesium  wire  is  prepared  by  forcing  out  the  metal  from  a  heated 
steel  press,  having  a  fine  opening  at  the  bottom.  For  the  purpose  of 
consumption,  it  may  be  rolled  up  in  coils  on  a  spindle,  which,  by  the 
agency  of  clock-work,  or  weights  above,  could  be  made  to  revolve.  A 
pair  of  feeding  rolls  Avould  push  the  end  of  the  wire  forward,  at  a  rate 
commensurate  with  the  speed  of  its  combustion. 

Magnesium  is  not  in  itself  costly  at  present,  but  there  is  no  doubt 
that  the  efforts  of  Mr.  Sondstadt  and  others  who  are  devoting  attention 
to  the  subject  will  lessen  the  expense  of  its  production  by  improved 
manipulation. 

So  far  as  the  usefulness  of  the  discovery  is  concerned  in  relation  to 
photography,  we  have  the  following  testimony  from  Mr.  Brothers,  of 
Manchester  : — "The  result  of  an  experiment  I  have  just  tried,  is,  that 
in  fifty  seconds,  with  the  magnesium  light,  I  have  obtained  a  good 
negative  copy  of  an  engraving — the  copy  being  made  in  a  darkened 
room.  Another  copy  was  made  in  the  usual  way,  in  daylight,  and  in 
fifty  seconds  the  result  was  about  equal  to  the  negative  taken  by  the 
artificial  light."  Who  shall  say,  therefore,  that  at  some  not  distant 
day,  nature  and  science  may  not  place  at  our  disposal  a  substitute  for 
the  bright  orb  of  day — an  artificial  sun. 
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Boiler  Exploiions,  and  their  Prevention. 

Frnm  tlx-  I^jdiIoii  MiniDK  Journal,  No.  \lJ<i. 

An  important  letter  upon  tliis  subject  has  been  aiMresscd  to  tlie 
Editor  oi  the  Timtn  by  Mr.  Joseph  IIopkin3on,of  the  Britannia  Works, 
lluddcrsficld,  in  which  he  points  out  the  disadvantage  of  oflicial  inspec- 
tion, whether  conducted  by  tlie  government  or  by  commercial  associa- 
tions, lie  maintains  that  many  boiler  explosions  have  taken  place 
from  the  interference  of  the  inspector.  He  admits  that  inspection 
may  be  the  means  of  lessening  these  catastrophes,  but  considers  that 
the  class  of  inspection  required  must  greatly  differ  from  the  system 
carried  out  by  the  Manchester  Association,  which  he  avers  is  not  only 
retrograde  in  its  tendency,  but  is  a  positive  evil.  It  throws  the  respon- 
sibility into  the  lap  of  an  irresponsible  body,  who  have  merely  made 
boiler  explosions  a  game  of  speculation.  His  experience  with  these 
societies  proves  the  remarks  made  by  Mr.  Jewison,  coroner  for  the 
Leeds  district,  that  it  is  "A  system  by  which  boiler  owners  are  lulled 
into  fancied  security."  He  continues,  that  he  would  ask  these  societies 
how  many  explosions  have  taken  place  of  boilers  under  their  charge, 
and  how  many  persons  injured,  which  would  have  been  prevented  had 
there  been  a  proper  valve?  how  many  fusible  plugs  they  have  found 
inopj-rativc?  and  why  that  apparatus  is  recommended  b}'  one  of  the 
Manchester  associations,  and  condemned  by  the  other?  and  after  the 
report  made  by  the  Franklin  Institute,  declaring  its  inefficiency,  from 
cxpcriincnts  made.  He  would  ask  thein  why  they  recommend  twice  as 
many  tittings  to  a  boiler  as  is  necessary  'i  why  they  would  have  so  many 
holes  jiierced  in  a  boiler  for  the  adoption  of  the  various  "  philosophi- 
cal toys"  they  recommend  ?  He  observes  that  the  operative  engineers 
of  Oldham  and  neighborhood  adopt  a  very  different  course  to  that  pur- 
sued by  the  Manchester  Association,  which  is  by  the  formation  of  an 
institution,  where  lectures  ami  information  on  matters  relating  to  the 
steam  engine  and  boiler  are  imparte<l  to  thenj,  and  they  choose  n  large 
body  of  men  of  suflicient  experience  from  their  own  society,  who  act 
as  inspectors  for  their  neighltors'  boilers.  The  result  has  been,  by  this 
spirit  of  self-government  and  the  adoption  of  proper  fittings,  that  not 
one  expl(»sion  has  taken  j)laee — a  very  dilTerent  result  to  tliat  of  these 
great  companies,  seemingly  got  u[)  under  ni(»re  favorable  auspices.  The 
(dhcialism  of  red  ta|)e  and  ih<lifterence,  as  well  as  the  payment  of  use- 
less salaries,  is  avoided,  whilst  the  results  are  far  more  conducive  to  the 
interests  of  society.  Some  parlies,  however,  n«lopl  a  different  course 
to  that  pursued  either  by  the  Manchester  Association  or  the  engineers 
of  Ojilliam,  and  which  they  say  is  preferable  to  any  yet  devisid.  Tho 
methoil  is,  by  agreeing  with  a  piartieal  boiler  maker  to  examine  the 
boiler  thoroughly,  whenevi-r  called  upon,  at  a  fixed  sum  per  boiler 
'  xamination  ;  and  should  he  succeed  in  discovering  any  faulty  place  he 
IS  entrusted  with  the  repairs.  Mr.  Hopkinson's  conclusions  arc,  that 
the  only  safeguard  against  boiler  exph)sions  is  to  be  fountl  in  efficient 
self-acting  mechanical  contrivances,  iind  declares  that  boiler  explosions 
can  be  prevented  from  all  causes  except  that  of  a  boiler  where  it  is  too 
weak  to  withstand  its  ordinary  working  pres^ure;  and  he  is  prepared 
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to  attach  to  any  boiler  in  London,  or  elsewhere,  apparatus  such  as  are 
in  use  upon  the  boilers  at  the  Royal  Arsenal,  Woolwich,  and  upon  the 
boilers  of  Messrs.  John  Brown  &  Co.,  armor-plate  manufacturers,  Shef- 
field, 42  in  number,  and  33  at  Messrs.  Crossley  &  Co.,  Halifax,  and 
the  whole  of  Messrs.  Naylor,  Vickers  &  Co.'s  boilers,  Sheffield ;  in 
fact,  to  4000  boilers  in  this  and  other  countries;  and  he  offers  ,£200 
to  any  person  who  can  demonstrate  the  possibility  of  exploding  a  boiler 
from  over-pressure  of  steam,  or  deficiency  of  water,  if  the  boiler  be 
fitted  with  this  patent  compound  safety-valve,  the  warnings  of  which, 
if  disregarded,  put  a  stop  to  the  working  of  the  engine,  and  render 
boiler  explosions  impossible;  and  Avhat  is  still  of  great  importance, 
its  action  can  be  stopped  only  by  again  supplying  the  water  to  the 
boiler. 


A  New  Process  of  Engraving. 

From  the  London  Mechanics'  ATagazine,  Jlay,  1861. 

A  M.  Dulos  has  recently  invented  a  new  process  of  engraving, 
which  is  described  by  the  3Ioniteur  Scientijique,  as  follows : — A  cop- 
per plate,  on  which  the  design  has  been  traced  with  lithographic  ink, 
receives,  by  the  action  of  the  pile,  a  deposit  of  iron  on  the  parts  un- 
touched by  the  ink ;  the  ink  having  been  removed  by  means  of  benzine, 
the  white  portions  of  the  design  are  represented  by  the  layer  of  iron, 
and  the  black  by  the  copper  itself;  the  plate  is  then  plunged  into  a 
bath  of  cyanide  of  silver,  under  a  galvanic  current,  and  the  silver  is 
deposited  on  the  copper  only.  In  this  condition  mercury  is  poured 
over  the  plate,  which  attaches  itself  to  the  silvered  portions  only,  ap- 
pearing in  relief,  and  taking  the  place  of  the  lithographic  ink.  Then 
take,  in  plaster  or  melted  wax,  an  imprint,  the  cast  of  which,  present- 
ing the  counterpart  of  the  projections  of  mercury,  gives  a  kind  of  cop- 
perplate engraving.  This  cast  has  not  sufficient  strength  to  bear  the 
press ;  but  by  metallizing  the  mould,  and  depositing  upon  it,  electro- 
chemically,  a  layer  of  copper,  we  obtain  an  exact  re-production  of  the 
original  projections  of  mercury,  and,  in  some  sort,  of  a  matrix  by 
means  of  which  impressions  of  the  plate  may  be  produced  ad  infinitum. 

For  typographic  engraving  (figures  in  relief),  the  plate  of  copper 
should  receive,  on  leaving  the  hands  of  the  designer,  a  layer  of  silver, 
deposited  only  on  the  parts  untouched  by  the  lithographic  ink  ;  the 
ink  is  removed  by  benzine,  the  surfaces  first  covered  by  the  design 
are  oxidized,  and  the  treatment  above  described  is  continued.  At  the 
end  of  the  operation  the  raised  portions  of  the  electro-chemical  plate 
intended  for  the  impression  will  be  found  to  correspond  with  the  tra- 
cing of  the  design,  and  the  hollow  portions  with  the  thickenings  raised 
about  the  design  by  the  mercury. 

This  process,  which  is  the  starting-point  and  the  basis  of  M.  Dulos' 
invention,  has  led  him  to  the  discovery  of  some  more  simple  methods, 
which  have  led  to  important  practical  results,  the  fusible  metal  or 
amalgam  of  copper  substituted  for  mercury  giving  rapid  and  remark- 
ably perfect  results. 
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Artificial  Li(jht  and  Lvjhtinfj  Material).    By  B.  II.  Pail,  Esq. 

Frvm  thv  Journal  uf  the  t*ocl«t;  of  ArU,  No.  I/A, 

(Continued  frum  page  V-Vl.) 

JUuminatini/  Power. — In  the  case  of  all  kin<ls  of  lighting  materialtt, 
the  light  produced  when  thiy  arc  hurnt,  id  due  to  their  containing,  or 
yielding  when  heated,  olefiiint  gas,  or  otlier  hydrocarhon  gases,  which 
are  efjuivalent  to  it  as  regards  the  production  of  light.  In  the  produetioa 
of  artificial  light  hy  any  of  the  meins  that  have  been  hitherto  commonly 
used,  it  is  always  the  result  of  the  ititense  ignition  of  solid  particles  of 
carbon.  Luminiferous  hydro-carbon  gases  and  vapors,  which,  fur  con- 
venience sake,  may  be  collectively  represented  by  the  term  olefiant  ga«, 
all  agree  in  the  character  of  being  deconiposed  at  a  temperature  higher 
than  that  requisite  for  their  production,  in  such  a  manner  that  the 
greater  part  of  the  carbon  they  contain,  is  set  free  in  a  slate  of  very 
minute  division.  This  is  an  essential  character  of  these  luminiferoos 
substances.  In  any  ordinary  luminous  ilame  the  particles  of  carbon  so 
separated  become  intensely  heated,  and  emit  light  while  being  burnt, 
giving  to  the  Ilame  its  whiteness  and  brilliancy. 

The  production  of  heat  is,  therefore,  an  essential  preliminary  to  the 
production  of  light,  and  it  is  also  equally  necessary  for  the  production 
of  light  that  the  heat  produced  .«houhl  act  upon  some  solid  substance. 
The  separation  of  minutely-divided  carbon  from  the  luminiferous  hy- 
dro-carbons, when  they  are  heated,  provides  this  essential  condition  for 
the  production  of  light.  (Jases  or  vapors  which  do  not  yield  any  solid 
substance  when  burnt,  do  not  afford  »  luminous  flame,  or  at  most,  only 
a  feeble  light.  Thus,  for  instance,  hydrogen  an<i  marsh  gas,  or  sul- 
phur, burn  without  evolving  any  considerable  light.  Olefiant  gas,  on 
the  contrary,  burns  with  an  intensely  white  luminous  flame.  At  the 
same  lime  it  is  inilispensalde  that  the  solid  particles  separated  in  an 
ordinary  flame  should  not  retain  their  soliil  slate,  but  should,  by  com- 
bustion, be  converted  into  gas.  The  carbon  separated  in  the  flame  of 
ordinary  lighting  materials,  burns  and  is  converted  into  carbonic  acid 
gas.  If  this  were  not  the  case  every  flame  would  constantly  produce 
a  shower  of  dust. 

The  greater  the  number  of  solid  heated  particles  in  a  flame,  the 
greater  will  be  the  light  it  evolves,  consecjiiently,  the  amount  uf  light 
capable  of  being  produceil  by  various  hyilro-carbon  ga«es  and  vapors, 
or  their  illuminating  power,  is  directly  proportionate  to  the  amount  of 
carbon  contained  in  a  given  volume  of  the  gas  or  vapor,  and  capable 
of  being  separateil  during  combustion.  Taking  olefiant  gas  as  the 
standard  of  comparison,  and  referring  to  the  table  of  the  several  hy- 
dri>-carbon  oils  constituting  petroleum  antl  coal  oil,  it  will  be  seen  that 
the  individual  members  of  the  series  differ  very  considerably  in  this 
particular,  and  the  figures  expressing  the  relative  amount  of  carbon 
also  express  the  relative  illuminating  power  of  etjual  volumes  of  their 
vapors. 

It  is  probable  that  in  burning  the  vapor  of  any  one  of  these  sub- 
stances the  general  nature  of  the  decomposition  which  takes  ilace  en- 
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sists  in  the  production  of  marsh  gas  which  burns,  and  the  separation 
of  all  the  carbon  over  and  above  that  requisite  for  the  formation  of 
marsh  gas.  Consequently,  in  the  flame  of  the  substance,  No.  4  of  the 
table,  there  vrould  be  nearly  twice  as  much  carbon  separated  as  in  the 
flame  of  defiant  gas.  Separation  of  carbon  to  such  an  extent  would 
be  more  than  sufficient  for  the  production  of  light  under  ordinary  cir- 
cumstances, and  would  be  accompanied  by  a  tendency  to  the  produc- 
tion of  smoke,  in  consequence  of  some  of  the  carbon  escaping  combus- 
tion. This  tendency  would  of  course  be  greater  in  proportion  to  the 
increased  amount  of  carbon  in  the  vapor,  and  although  the  illuminat- 
ino-  capability  would  be  greater  in  the  same  proportion,  it  would  not 
be  possible  to  realize  that  capability  except  under  special  conditions. 

There  is,  therefore,  a  practical  limit,  in  regard  to  the  mode  in  which 
licrhtinw'  materials  are  generally  used,  beyond  which  an  increase  in  the 
amount  of  carbon  in  the  material  would  be  rather  prejudical  than 
otherwise. 

In  the  case  of  gas,  it  is  never  anything  like  an  approximation  to 
pure  olefiant  gas  that  is  used,  but  only  a  mixture  of  it  with  other  gases, 
containinof  from  5  to  upwards  of  20  per  cent,  of  olefiant  gas.  The 
following  gives  the  composition  of  coal-gas  in  various  localities : — 
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Of  these  gases,  the  first  three  after  olefiant  gas,  are  the  only  ones 
that  take  any  part  in  the  production  of  light,  the  others  being  mere 
impurities.  Those  gases,  however,  do  not  contribute  directly  to  the 
production  of  light  to  any  extent,  but  being  themselves  combustible, 
serve  in  part,  to  produce  heat  requisite  for  decomposing  the  olefiant 
gas,  and  rendering  the  particles  of  carbon  separated  from  it  luminous. 
They  also  serve  to  prevent  the  flame  from  smoking,  by  diluting  the 
olefiant  gas,  and  thus  admitting  of  its  being  brought  more  intimately 
in  contact  with  the  air  required  for  perfect  combustion.  They  also 
give  bulk  to  the  flame,  and  thus  diminish  the  concentration  of  the  light 
which  would  take  place  if  the  olefiant  gas  were  burnt  without  any  ad- 
mixture. 

In  all  these  respects  each  one  of  the  three  gases  answers  the  pur- 
pose required  of  it  equally  well  or  nearly  so.  There  are,  however, 
otlier  particulars  in  regard  to  which  there  is  a  very  considerable  dif- 
ference in  their  fitness  for  these  purposes.  This  difference  consists  in 
the  respective  capability  of  these  gases  for  producing  heat  and  car- 
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bonic  acid  by  their  combustion.  Any  amount  of  heat  produced  by 
burning  any  lighting  miiterial,  over  and  above  that  re(iui.site  for  giving 
the  necessary  temperature  to  the  flame,  is  obviouply  objectionable, 
since  it  would  have  the  elTect  of  heating  the  atmosphere  of  the  space 
lighted  and  rendering  it  oppressive.  Since  all  lighting  materials  con- 
tain carbon,  an<l  by  their  combustion  abstract  oxygen  from  the  air, 
the  production  of  carbonic  acid  is,  to  some  extent,  a  necessary  result 
of  the  use  of  any  such  material ;  but,  on  account  of  the  prejudicial  in- 
fluence of  this  gas,  it  is  highly'  desirable  that  the  quantity  produced, 
for  a  given  quantity  of  light,  should  be  as  small  as  possible.  In  both 
tiiese  respects  there  is  a  very  wide  difference  between  the  effects  of 
the  three  gases  which  are  generally  contained  in  coal  gas  as  the  dilu- 
lantsof  the  olefiant  gas.     This  will  be  seen  from  the  following  table:  — 
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This  comparison  servos  to  show  that  although  hydrogen  produces 
more  heat  by  combustion,  and  gives  a  lower  temperature  in  the  flame, 
than  carbonic  oxide,  still  it  is  the  best  substance  to  be  used  for  dilut- 
ing the  olefiant  gas,  since  it  aflfords  no  carbonic  acid.  On  the  contrary, 
marsh  gas  is  worse  even  than  carbonic  oxide,  on  account  of  its  produc- 
ing much  more  heat  and  carbonic  acid.  In  regard  to  the  amount  of 
carljonic  acid  generated,  and  the  heating  eff'ect  produced  fur  a  given 
(juantity  of  light,  gas,  however,  has  a  great  advantage  over  any  of  the 
lighting  materials  formerly  used.  As  compared  with  tnllow,  for  in- 
stance, gas  produces  only  one-half  or  less  than  half  as  much  carbonic 
acid,  ami  little  more  than  one-third  the  heating  eff'ect.  liut  it  would 
be  a  very  great  improvement  in  the  manufacture  of  gas  if  it  could  be 
produced  with  hytlrogen  alone  as  the  diluting  substance.  Many  years 
ago  an  attempt  was  made  to  eff'ect  this  by  Selligue,  in  Paris,  and  sub- 
se(iuently  the  same  thing  was  tried  in  this  country  by  Professor  Dono- 
van and  Mr.  White,  uniler  the  name  of  water  gas  ;  but  both  projects 
jiroved  unsuccessful,  owing  to  a  variety  of  adverse  circumstances. 

It  will  be  evident  from  what  has  already  been  said  with  regard  to 
the  dependance  of  the  luminosity  of  a  flame  upon  its  temperature,  that 
it  is  desirable  to  produce  the  highest  attainable  temperature  in  the 
flame,  and  that  any  means  of  increasing  that  temperature  would  have 
the  effect  of  increasing  the  illuminating  effect.  A  very  elegant  con- 
trivance for  this  purj)ose,  in  the  case  of  gas,  has  been  devised  by  Dr. 
Frankland.  it  consists  in  heating  the  air  consumed  in  the  combustion 
of  the  gas,  by  means  of  the  waste  heat  radiated  from  the  flame,  by 
making  it  pass  down  along  the  side  of  the  chimney  before  entering  at 
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the  bottom  of  the  burner  to  supply  the  flame.  In  this  way  the  air  is 
heated  to  500°  or  600°  F.,  and  there  is,  of  course,  a  corresponding 
increase  of  temperature  in  the  flame.  Dr.  Frankland  has  ascertained 
that  by  this  simple  appliance  the  same  amount  of  light  may  be  obtain- 
ed with  a  saving  of  49  per  cent,  of  gas,  and  that  for  a  given  consump- 
tion of  gas  there  is  an  increase  in  the  illuminating  efi"ect  to  the  extent 
of  67  per  cent. 

Returning  now  to  the  liquid  hydro-carbon  oils  used  for  lamps,  I  will 
endeavor  to  point  out  how  the  principles  I  have  described  in  reference 
to  gas  obtain  in  the  application  of  those  oils  to  lighting  purposes.  In 
this  case  the  hydro-carbon  vapor  is  not  mixed  with  any  diluting  sub- 
stance, as  in  gas,  and  all  of  these  oils  would  give  ofi"  a  considerable 
amount  of  smoke  if  burnt  in  the  same  way  as  fat  oils,  by  reason  of  the 
highly  carbonaceous  nature  of  their  vapors.  This  circumstance  was 
one  of  the  most  serious  impediments  to  the  introduction  of  these  oils 
in  the  first  instance,  but  eventually  a  lamp  was  devised  which  satisfied 
all  requirements,  and  which  is  now  largely  in  use.  To  understand  the 
way  in  which  the  combustion  of  h^'drocarbon  oils  in  these  lamps  is 
cfiected  without  production  of  smoke,  it  must  be  remembered  that  in 
ordinary  cases  the  flame  of  any  lighting  material,  being  for  the  most 
part  gaseous  and  in  contact  with  atmospheric  air,  there  is,  in  accordance 
with  the  well-known  laws  of  gaseous  diffusion,  a  continual  intermix- 
ture of  air  with  the  gaseous  substances  in  the  flame,  and  the  extent  to 
which  this  intermixture  takes  place  is  determined  by  several  conditions, 
which  may  be  regulated  at  pleasure.  To  take  the  simplest  case,  that 
of  gas;  the  rate  of  intermixture  will  be  proportionate  with  the  rate  at 
which  the  gas  issues  from  the  burner,  and  to  the  velocity  of  the  current 
of  air  passing  along  the  sides  of  the  flame.  When  gas  is  burnt  with  a 
large  Argand  gas  burner  it  is  very  liable  to  smoke,  but  when  a  glass 
cylinder  is  placed  over  the  flame,  the  gas  burns  without  smoke,  in  con- 
sequence of  the  greater  intermixture  of  air  with  the  flame,  caused  by  the 
draft  of  the  chimney.  The  degree  of  draft,  and  consequently  of  inter- 
mixture of  air  with  the  burning  gas,  will  depend  upon  the  height  of  the 
chimney.  With  a  very  high  chimney  and  powerful  draft  the  intermixture 
may  be  effected  to  such  an  extent  as  to  neutralize,  almost  entirely,  the 
illuminating  power  of  the  flame.  In  order,  therefore,  to  effect  perfect 
combustion  without  loss  of  lighting  effect,  it  is  necessary  to  proportion 
these  determining  conditions  of  the  intermixture  of  air  with  the  flame, 
according  to  the  nature  of  the  material  to  be  burnt. 

It  is  in  this  manner  that  the  combustion  of  the  hydro- carbon  oil  in 
lamps  is  effected.  By  means  of  the  chimney  a  strong  current  of  air 
is  produced,  and  by  means  of  the  perforated  cone,  immediately  over 
the  Avick,  that  current  of  air  is  made  to  impinge  upon  the  ascending 
vapor,  and  mix  it  so  as  to  enable  it  to  burn  without  smoke.  In  this 
case,  therefore,  the  air,  by  means  of  which  combustion  is  supported, 
is  made  to  serve  the  purpose  of  the  diluting  gases  in  ordinary  coal  gas, 
giving  greater  bulk  to  the  gaseous  contents  of  the  flame,  and  effecting 
such  a  distribution  of  the  ignited  particles  of  carbon,  as  to  admit  of 
their  being  perfectly  burnt. 
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The  necessity  of  tliis  admixture  of  air  witli  the  vapor  of  hydro-car- 
bon oil  to  enable  it  to  hum  without  smoke  is  of  course  greater  in  pro- 
portion as  tliiit  vapor  is  denser  and  more  highly  carbonaceous.  In  this 
respect  it  will  be  seen  that  the  several  m«mber8  of  the  series  of  sub- 
fitnrices  constituting  these  oils  differ  materially.  For  instance,  the 
vapor  density  of  No.  10  is  twice  as  great  as  that  of  No.  4,  and  there 
is  the  same  difference  between  the  amount  of  carbon  in  the  vapors. 
The  former  vapor  would  also  have  double  the  illuminating  power  of 
the  latter ;  but  the  size  of  the  flame  of  No.  10  would  be  proportionately 
Bmallcr,  and  owing  to  these  two  circumstances,  the  ignite<l  particles  of 
carbon  would  be  so  crowded  together  that  a  great  deal  of  smoke  would 
be  produced  unless  a  copious  intermixture  of  air  was  effected  by  means 
of  a  very  vigorous  draft. 

I'ractically  the  difference  between  the  several  substances  here  re- 
ferred to,  compensate  each  other  in  consequence  of  their  being  mixed 
together,  in  the  various  kinds  of  hydro-carbon  oils.  Thus  the  higher 
illuminating  power  of  the  denser  vapors  is  to  a  great  extent  rendered 
available  by  the  more  bulky  nature  of  the  less  carbonaceous  vapors, 
and  in  this  way  a  mean  result  is  arrived  at,  of  both  characters  com- 
bined, which  answers  all  desired  purposes.  Everything  depends  upon 
the  due  proportionate  mixture  of  the  different  substances. 

From  these  considerations  it  will  be  seen  that  there  is  a  positive 
disadvantage  in  carrying  tiie  separation  of  the  more  volatile  portions 
of  the  oil  beyond  such  a  point  as  is  indispensably  requisite  for  its  being 
U3c'(l  with  safety ;  for  the  more  those  substances  are  separated  from 
the  oil  intended  to  be  used  in  lamps,  so  much  the  more  must  the  least 
volatile  portions,  at  the  opposite  extremity,  be  separated  from  it,  in 
order  to  obtain  a  material  fit  to  burn  without  smoke,  and  with  a  suf- 
ficiently large  flame. 

It  will  now  be  necessary  to  consider  briefly  the  applicability  for 
lighting  purposes  of  the  hydro-carbon  oils  which  are  too  volatile  to  be 
nse<l  in  the  ordinary  lamps.  It  is  a  fact  that  will  be  familiar  to  many 
of  the  members  of  this  JSociety,  that  the  idea  of  applying  such  highly 
volatile  hydro-carbons  as  lighting  materials  is  not,  by  any  means,  a 
thing  of  j'cstenlay.  It  was  first  conceivecl,  I  believe,  long  before  the 
year  1H30,  by  a  gentleman  who  has  occupied,  and  still  occupies,  a  most 
prominent  position  among  those  who  have  contributed  to  the  successful 
establishment  of  gas-lighting.  Mr.  Lowe's  original  proposal  was  to 
\ise  the  volatile  hydro-carbons  obtained  from  the  tar  of  gas  works  in 
the  place  of  water  in  gas  metres,  so  as  to  serve  the  double  purpose  of 
measuring  the  gas  supplied  to  consumers,  and  of  augmenting  its  illu- 
minating power.  Next  to  him  came  Professor  Donovan,  who  proposetl 
to  make  water-gas  the  medium  for  vaporizing  these  liqui<i  hydro- 
carbons; aii«l  he  appears  to  have  formed  this  idea  independently  of 
any  knowledge  of  .Mr.  Lowe's  plan  of  naphthalizing  gas.  However 
that  may  be,  the  originality  of  the  project  in  point  of  time  certainly 
belongs  to  Mr.  Lowe.  These  projects  attracted  very  great  attention 
at  the  time;  but  they  never  came  into  anything  like  general  applica- 
tion.   It  may  be  that  on  reflection,  the  gas  companies  did  not  esteem 
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very  highly  a  plan  for  doubling  the  illuminating  power  of  their  gas, 
since  that  advantage  was  not  necessarily  accompanied  by  a  demand  for 
twice  as  much  light  as  was  previously  used. 

Some  years  afterwards  another  attempt  was  made  to  employ  these 
highly  volatile  hydro-carbons  as  lighting  materials,  by  the  late  Mr. 
Mansfield,  to  whom  Ave  are  indebted  for  a  very  excellent  investigation 
of  the  chemistry  of  gas-tar.  His  plan  was  to  use  atmospheric  air  as 
the  medium  for  volatilizing  the  hydro-carbons,  chiefly  with  the  view 
of  applying  them  in  this  manner  for  the  lighting  of  country-houses  or 
other  places  remote  from  gas-works.  The  material  that  he  employed 
for  this  purpose  was  the  more  volatile  portion  of  gas-tar,  now  known  to 
chemists  under  the  name  of  benzol ;  it  possessed  a  character,  however, 
which  proved  fatal  to  the  undertaking — it  was  that  of  becoming  solid 
when  considerably  cooled.  In  consequence  of  this  the  reduction  of 
temperature  produced  by  its  own  volatilization  rendered  it  solid,  and 
stopped  its  further  evaporation. 

Strangely  enough,  this  very  same  plan  of  using  atmospheric  air 
saturated  with  the  vapor  of  a  volatile  hydro-carbon  has  quite  recently 
been  put  forward  with  much  pretence,  as  a  totally  new  invention,  not- 
withstanding the  fact  that  Mansfield's  patent  entirely  covers  this  ap- 
plication of  these  substances,  and  that  as  this  patent  has  expired,  the 
process  is  now  public  property. 

The  naphthalizing  of  coal-gas,  though  still  older,  has  also  been 
brought  before  the  public  lately,  under  a  new  name,  as  being  a  new 
invention. 

It  now  only  remains  to  consider  how  far  it  may  be  practicable  to 
use  the  highly  volatile  hydro-carbons  of  petroleum  and  similar  mate- 
rials for  lightingpurposes,  by  diffusing  their  vapor  through  atmospheric 
air.  These  liquids  are  free  from  that  prejudicial  character  of  solidify- 
ing when  cooled,  which  renders  benzol  obtained  from  gas-tar,  inappli- 
cable for  the  same  purpose.  They  are  now  obtained  in  tolerable  abun- 
dance in  connexion  with  the  manufacture  of  hydro-carbon  lamp  oils, 
and  they  are  to  a  great  extent  still  mere  waste  products,  since  they 
do  not  answer  well  as  a  substitute  for  turpentine,  which  is  the  chief 
use  they  have  yet  been  put  to.  It  is,  therefore,  possible  that  these 
liquids  might  be  obtained  in  sufficient  quantity  and  at  such  cost  as 
would  admit  of  their  being  used  as  lighting  materials. 

By  a  reference  to  the  table  it  will  be  seen  that,  as  compared  with 
olefiant  gas,  their  illuminating  power  is  considerable.  Taking  the  sub- 
stance No.  7  as  representing  the  available  volatile  portion  of  petroleum, 
its  vapor  has  3^^  times  the  illuminating  power  of  olefiant  gas;  in  other 
words,  gas  containing  3|-  per  cent-  by  measure  of  this  vapor  would 
have  the  same  illuminating  power  as  coal-gas  containing  about  12  per 
cent,  of  olefiant  gas,  and  with  7  per  cent,  of  this  vapor  it  would  be 
equal  to  the  best  cannel  gas. 

There  is  one  important  point,  however,  in  regard  to  this  application 
of  the  volatile  hydro-carbons  Avhich  cannot  be  overlooked,  and  which 
requires  to  be  thoroughly  examined  before  any  attempt  is  made  to  use 
them  in  this  way.    It  is  well  known  that  hydro-carbon  gases,  such  as 
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olefiant  gag  or  marsh  gas,  the  representative  of  all  these  hydro-car- 
bons, when  mixed  with  air  in  certain  proportions,  form  a  mixture  that 
is  violently  explosive.  It,  therefore,  becomes  a  question  of  very  seri- 
ous moment  wliether  this  fact  presents  any  real  or  insurmountable 
obstacle  to  the  use  of  atmospheric  air  as  the  medium  for  using  these 
volatile  oils  in  the  condition  of  gas — whether,  in  fact,  under  the  con- 
ditions to  be  observed  for  such  a  use  of  these  oils  it  would  be  possible 
to  get  a  mixture  of  the  vapor  and  of  air  that  would  be  explosive  when 
brought  in  contact  with  a  flame.  If  that  be  possible,  even  in  some  ex- 
treme case,  that  may  be  of  unlikely  occurrence,  tlien  there  can  be  no 
doubt  that  the  use  of  these  oils  in  that  way  would  be  highly  objection- 
able. 

It  cannot  be  doubted,  looking  at  the  mere  possibility  of  the  matter, 
that  with  these  vapors,  just  as  with  marsh  gas,  an  explosive  mixture 
might  be  produced.  There  is  no  question  as  to  that.  The  question 
really  to  be  considered  is,  whether  such  a  result  could  take  place  under 
the  conditions  for  using  these  oils. 

It  is  well-known  that  the  explosibility  of  a  mixture  of  marsh  gas 
and  air  depends  upon  the  relative  proportion  of  the  gas  and  air.  For 
its  perfect  combustion  marsh  gas  requires  10  times  its  volume  of  air. 
buch  a  mixture  is  explosive  when  brought  in  contact  with  Hame,  and 
the  explosive  character  still  continues  when  the  proportion  of  air  is 
not  more  than  six  or  seven  times  as  great  as  the  marsh  gas.  l>ut 
when  marsh  gas  is  mixed  with  only  three  or  four  times  its  volume  of 
air,  the  mixture  is  not  at  all  explosive,  but  will  burn  like  the  unmixed 
gas.  In  the  same  manner,  other  iiydro-carbon  gases  require  to  be 
mixed  with  a  certain  j)roportion  of  air  to  form  explosive  mixtures  ;  and 
with  regard  to  the  vapors  of  the  volatile  hydro-carbons,  this  is  equally 
the  case.  In  conseijuence  of  the  density  of  these  vapors  being  so 
much  greater  than  that  of  their  representative — marsh  gas — they  re- 
quire much  larger  proportions  of  air  for  their  combustion.  Thus  for 
instance,  the  vapor  of  the  oil  No.  7  requires  70  times  its  volume  of  air 
for  combustion.  In  all  probability  such  a  mixture  would  be  explosive. 
But  a  mixture  of  this  vapor  with  air  which  would  possess  an  illumina- 
ting power  equal  to  cannel  gas,  would  not  contain  more  than  "27  parts 
of  air  to  one  of  the  vapor.  »Such  a  mixture,  I  believe,  would  not  be 
explosive  under  any  circumstances  that  require  to  be  taken  into  ac- 
count. 

Then  as  regards  the  possibility  <>f  an  explosive  mixture  being  form- 
ed, it  appears  to  me  highly  probable  that  the  extretne  volatility  of 
these  li(juids  would  in  itself  constitute  a  most  eflVctual  safeguard  against 
the  formation  of  an  explosive  nuxture.  To  ensure  the  elhcaey  of  this 
character  of  the  oils,  however,  it  would  be  indispensable  that  arrange- 
ments should  be  made  for  seciiring  the  intimate  contact  of  the  air  with 
the  hydro-carbon  to  be  vidatilired,  and  likewise  the  constant  mainte- 
nance of  a  fresh  supply  of  hytlro-earbon.  All  these  points,  however, 
are  mere  matters  of  detail,  which  would  ac«iuire  importance  only  after 
the  determination  of  the  fact  that,  with  a  sufficiently  volatile  oil,  its 
vapor  mixed  with  air  might  be  burnt  like  gas  withgut  any  danger  of 
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an  explosive  mixture  being  formed.  If  that  were  satisfactorily  proved 
to  be  the  case,  it  is  likely  that  this  mode  of  using  those  portions  of 
hydro-carbon  oils  that  are  still  without  any  satisfactory  application, 
might  be  introduced  with  advantage  in  many  cases.  Among  others 
I  may  mention  the  lighting  of  railway  carriages,  and  of  houses  or  pub- 
lic institutions  situated  at  a  distance  from  gas-works. 

(To  be  Continued.) 


For  the  Journai  of  the  Franklin  InRtitute. 

On  Dr.  BrunnoiD  s  Magnetic  Break  Circuit. 
By  S.  W.  Robinson,  C.E. 

AN    IMPROVEMENT. 

In  No.  19  of  the  '■^AstronomicalNotices^''  edited  by  the  able  mathe- 
matician and  astronomer,  Dr.  Francis  Briinnow,  who,  till  recently,  held 
the  position  of  Professor  of  Astronomy  and  Director  of  the  Detroit  Ob- 
servatory, at  Ann  Arbor,  Michigan,  is  described  a  new  break-circuit 
invented  by  himself,  and  which  was  adopted  at  that  Observatory,  where 
it  has  been  proved  a  success.  It  was  also  used  by  him  at  the  Dudley 
Observatory,  while  director  there. 

In  entering  upon  his  description  he  says : 

*'  The  contrivances  used  for  breaking  the  circuit  of  a  chronograph 
by  the  pendulum  of  a  clock  every  second,  as  far  as  they  are  known  to 
me,  alter  the  clock  rate  considerably  wherever  they  are  immediately 
applied  to  the  pendulum.  When  this  is  not  the  case,  as  in  Mr.  Vintle's 
method,  described  in  No.  1153  of  the  Astr.  Nachrichten^  or  in  Mr.  R. 
Bond's  new  escapement,  the  clock  requires  some  alterations  which  it 
may  not  always  be  convenient  to  introduce.  Trying,  therefore,  to  find 
a  contrivance  which  might  be  easily  applied  to  the  pendulum  of  any 
clock  without  disturbing  its  uniform  rate,  I  hit  upon  the  idea  of  using 
the  attractive  force  of  a  small  magnet  connected  with  the  pendulum ; 
and  the  experiments  which  I  have  made  with  such  an  apparatus  have 
been  so  successful  that  I  do  not  hesitate  to  recommend  the  method." 

As  adopted  by  him,  it  consists  essentially  of  a  small  bar  magnet 
attached  to  the  lower  extremity  of  the  pendulum,  in  a  position  per- 
pendicular to  its  plane  of  vibration,  and  a  small  armature  arranged  in 
such  a  manner  as  to  be  attracted  by  one  end  of  the  magnet  bar  as  it 
passes  with  the  vibration  of  the  pendulum.  When  the  armature  is  at- 
tracted, a  platinum  point,  resting  against  a  screw  point  of  platinum, 
is  disconnected,  which  breaks  the  circuit  of  the  battery. 

The  chief  objection  to  this  arrangement  of  the  magnet  and  armature 
is  the  liability  of  the  pendulum  to  move  in  a  slightly  elliptical  orbit, 
the  end  of  the  magnet  bar  passing  nearer  the  armature  in  one  vibra- 
tion than  in  the  other.  This  tendency  was  chiefly  obviated  by  placing 
a  stationary  armature  opposite  the  first.  But  unless  in  the  best  ad- 
justment, diflUculty  was  still  experienced  in  the  striking  of  the  magnet. 

I  have  improved  this  arrangement  by  simply  attaching  the  bar  mag- 
net in  a  vertical  position,  directly  under  which  is  the  armature  whose 
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motion  breaks  the  circuit.  With  this  no  difficulty  can  posaibly  arise 
from  a  deviation  of  the  pendulum  from  its  plane  of  vibration. 

It  is  unknown  to  me  whether  the  tnetliod  occurred  to  Dr.  Briinnow 
earlier  than  the  year  IH.OW,  but  as  far  as  I  have  been  able  to  obtain 
inf<H-mation  he  was  the  first  who  tried  it  ««(?:;<;««/«?/// and  made  his  re- 
fitiils  known  to  the  public.  At  about  the  samr*  time,  Professor  C.  A. 
Youn<^,  of  the  Western  lleserve  College,  hit  upon  the  same*  idea;  but 
aftf-r  a  brief  trial  with  a  rude  apparatus,  pursued  the  subject  no  further. 

Having  been  brought  in  connexion  with  the  use  of  the  astronomical 
clock  and  chronograph  on  the  Survey  of  the  North  and  North-west 
Lakes,  under  the  fciuperintendence  of  Colonel  Win.  F.  llaynolds,  A.D.C, 
and  Maj.  Eiigrs.,  for  which  clock  Mr.  Saxton's  break-circuit  was  used,* 
which  seemed  to  change  the  rate  of  the  clock  considerably  for  every 
adjustment  of  the  mercurial  connexion,  I  suggested  Dr.  Brunnow'a 
metho(|,  with  the  exception  of  arranging  the  magnet  and  armature  as 
described  below.  After  a  trial  apparatus  Itad  been  tested,  the  metho'l 
was  adopted,  and  a  wi'll-finishe<l  one  fc^r  each  of  the  two  clocks  ordered 
according  to  my  drawing,  an  exact  copy  of  which  is  given  here. 
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M  is  the  bar  magnet  about  two  inches  in  length,  composed  of  two 
thin  pieces  of  steel  plate  well  magnetized.  One  is  placedf  upon  each 
side  of  the  imlex  point  of  the  pendulum,  and  secured  by  a  small  elamp 
not  represented.  This  attachnient  is  so  simple  that  it  can  be  made  to 
any  ordinary  clock.  A  is  the  armature,  or  rather  a  thin  steel  magnet 
in  itself,  presenting  opposite  pfdarity  to  the  magnet  M.  This  is  carried 
upon  a  tube  F  of  brass,  or  better,  platinum,  and  the  whole  supported 
and  movable  upon  a  knife-edge  of  brass  or  platinum  passing  through 
K.  There  should  be  a  sharp  corner  in  tiie  upper  side  of  the  tube  for 
the  knife-edge,  to  prevent  the  swaying  of  the  armature,  il  and  (J  are 
points  which  limit  the  motion  of  the  armature,    u  is  supportoil  by  an 

•  With  the  exception  thnt  tho  tilt  hammer  plays  into  a  cup  of  mercury  instead 
of  strikintj  ji  phitinuDi  surfneo.  With  h  batti-ry  <>f  threo  cups,  the  morriiriHl  contact 
uxidi/.t's  M>  rapiilly  us  to  Ixhmiuo  nccc^sury  to  r«i>o  the  htiininiT  aiul  remove  tlie  «ur- 
fiice  of  the  niiTciiry  >evernl  times  (iiirinij  »  nii^hl's  ohstTviitioii*.  In  (h'ing  so,  the 
liiuumtT  is  usually  riiised  higher  thmi  its  motion  from  the  clock.  Kilher  frtim  a 
siirinninii  of  the  win',  or  n  chiin^ecl  i-omlition  of  iho  mercury  surface,  or  both,  it  is 
beliovfd  tlmt  the  clock  rate  has  been  tlisturbcil. 

t  North  pohirity  should  be  pluccd  downward  for  Iho  better  retention  of  the  maj- 
Bctii<u). 
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ivory  piece  c  to  insulate  it,  having  a  slight  vertical  motion,  and  secured 
by  E.    With  this  the  motion  of  a  is  regulated. 

The  bearing  of  the  armature  against  g  should  be  platinum.  The 
brass  piece  J  has  a  vertical  motion  for  adjusting  the  distance  of  the 
armature  from  the  magnet,  and  secured  by  d.  b  is  a  bar,  simple  or 
compound,  connecting  the  apparatus  with  the  stand  i.  If  the  clock 
has  a  gridiron  pendulum,  the  simple  bar  only  is  necessary ;  but  if  the 
pendulum  is  compensated  with  mercury,  its  lower  extremity  rises  and 
falls,  from  the  influence  of  heat,  and  in  order  that  the  distance  between 
the  magnet  and  armature  may  be  constant,  I  adopted  a  compound  bar, 
B  z,  of  brass  and  zinc,  avoiding  the  use  of  iron,  for  the  influence  it 
■would  exert  upon  the  magnet  bar  m.  In  order  to  know  the  length  of 
the  zinc  insertion  z,  I  found  the  following  interesting  problem  pre- 
sented to  me,  viz:  to  detertnine  the  dejhction  of  a  compound  bar  from 
the  injluence  of  heat. 

I  intend  to  offer  more  upon  this  at  some  future  time.  My  space 
here  is  too  limited  for  a  full  discussion  of  the  subject.  I  will,  however, 
give  the  formula  with  which  I  calculated  the  radius  of  curvature  of 
the  bar.  This  is  constant  for  the  whole  length  of  the  bar,  for  a  given 
degree  of  temperature,  and  a  bar  of  uniform  size.  Hence  the  curve  is 
a  circle,  and  the  length  can  be  calculated  for  a  given  deflection  by  a 
substitution  in  the  equation  of  the  circle. 

Let  d  =  the  uniform  depth  of  the  bar, 
h  =  the  uniform  breadth, 
E  and  i;'  the  moduli  of  elasticity  of  the  two  metals,  assuming 

them  the  same  for  elongation  or  compression, 
e  and  e'  the  co-efficients  of  expansibility, 
p  =  the  radius  of  curvature, 

and  n  =  the  change  of  temperature. 
Then  I  get 
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"What  can  be  required  of  a  break-circuit  further  than  that  the  rate 
of  the  clock  should  be  unaffected  by  it?  its  easy  applicability  to  any 
clock  ;  a  constancy  in  its  operations ;  that  it  should  produce  short 
breaks  ;  and  its  uiiliability  to  get  out  of  repair.  All  these  qualities  are 
possessed  in  a  high  degree  by  this  break-circuit. 

This  break-circuit  is  now  in  use  upon  the  Survey  of  the  Korth  and 
North-west  Lakes,  under  the  direction  of  our  able  and  esteemed  super- 
intendent, to  whom  it  is  yielding  the  utmost  satisfaction,  and  to  whom 
reference  can  be  had  concerning  it. 

I  append  here  some  of  Dr.  Briinnow's  results  : 

"When  a  chronograph  is  used  with  one  writing  pen  only,  it  is  im- 
portant to  have  the  breaks  very  short.  With  my  apparatus  I  suc- 
ceeded in  making  breaks  of  0-06  of  a  second,  and  as  this  can  never 
produce  a  greater  error  in  reading  an  observation  coinciding  with  a 
second  break,  than  0-03  of  a  second,  it  is  suflBcient  for  all  practical 
purposes. 
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"My  clock  before  the  magnet  was  attached,  and  the  break-circuit 
before  it,  was  regulated  to  sidereal  time.  With  the  magnet  and  break- 
circuit  the  observed  errors  of  the  clock  have  been  as  follows : — 

Daily  Kate. 


May  3 

4 

5 

11 

15 

22 

23 

25 

29 

June  2 


lOh 

+  26-10 

10 

24-82 

12.3 

23-4  G 

13 

15'Ji 

14 

10-81 

12 

247 

12 

4-  1-30 

12 

—  1-22 

12 

6-52 

11 

—11-90 

—  1-28 

—  1-25 

—  1-25 
-1-27 
-1-20 
— M7 

—  1-2G 
-1-32 

—  1-32 


"A  better  rate  than  this  can  hardly  be  expected,  and  shows  that  the 
ma^rnet  has  no  sensible  disturbin^c  influence." 


Barometers. 

From  the  Journal  of  the  Society  of  Arts,  No.  601. 

Sir  :  In  your  Journal  of  the  1st  of  April  appears  a  description  of 
a  so-called  new  barometer,  which,  I  think,  will  be  found  accurately 
described  in  the  following  extract  from  \\\q  Encyclopcudl  i  Britannica, 
7th  edition,  1842,  and  written  by  Sir  .J.  Leslie: — "The  most  accurate 
construction  of  a  barometer  of  this  kind  [the  conical  barometer,  in- 
vented by  Amontons,  1G95,]  is  attained  by  joining  together  two  tubes 
that  have  even  but  unequal  bores,  the  longer  and  narrower  being 
uppermost.  If  the  width  of  the  upper  tube  were  supposed  to  be,  to 
that  of  the  under  one,  as  two  to  three,  the  scale  would  be  enlarged 
three  times,  since,  by  descending  three  inches  from  the  top,  and,  con- 
sequently, two  at  the  bottom,  the  column  would  suffer  a  contraction  of 
one  inch  in  height.  This  species  of  barometer  is  thus  recommended 
by  its  simplicity  and  its  ample  range  ;  but  the  bore  of  the  tube  being 
indispensably  small,  the  mercury  moves  with  difficulty,  and  resists  im- 
pressions of  minute  changes  of  external  action."  Also,  page  400: — 
'•  A  modification  of  the  conical  barometer  in  traveling  we  have  our- 
selves employed.  The  principal  part  consists  of  a  small  steel  stop-cock, 
a  glass  tube  31  or  32  inches  long,  with  a  bore  of  the  tenth  of  an  inch, 
sealed  at  top  and  filled  with  quicksilver,  is  cemented  into  the  one  end 
of  the  stop-cock, |and  into  the  other  end  is  cemented  an  open  and  wider 
tube,  IG  inches  or  more  in  length,  and  having  its  diameter  above  the 
eighth  of  an  inch.  This  compound  tube  is  lodged  in  a  walking-stick, 
divided  into  inches  and  tenths  through  its  whole  extent,  or  only  at  the 
upper  part."    It  will  thus  been  seen  that  this  barometer  was  invented 
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and  published  more  than  20  years  since,  and,  if  necessary,  I  could 
mention  persons,  both  in  London  and  elsewhere,  who  have  made  them, 
but  probably  they  have  not  been  much  used,  from  the  defect  alluded 
to,  which  cannot  be  got  rid  of,  except  by  using  a  larger  tube,  and  hav- 
ing a  movable  piston  in  the  bottom,  on  Whiting's  plan,  as  exhibited 
by  Mr.  Becker  last  year  at  the  soiree  of  the  Royal  Society.  Mr.  Becker 
informed  me,  and,  no  doubt,  others  as  well,  that  Whiting  had  also 
made  them,  as  described  above,  with  the  small  tube.  Mr.  Becker's 
instrument  led,  no  doubt,  to  the  recent  revival  of  this  kind  of  baro- 
meter ;  but  while,  perhaps,  as  a  matter  of  business,  it  may  be  thought 
legitimate  for  any  maker  to  introduce,  in  connexion  with  his  own  name, 
an  instrument  not  generally  known  in  the  trade,  it  was  hardly  to  be 
anticipated  that  the  Royal  Society  should  lend  the  sanction  of  their 
authority  to  the  introduction  of  an  instrument  as  new  which  was  pub- 
lished more  than  20  years  since  in  a  by  no  means  obscure  work.  The 
above  quotations  appear  also  in  the  eighth  edition  of  the  Encyclopcedia. 

I  am,  &c.,  W.  Symo^^s. 


Constancy  of  the  DanieVs  Battery. 

From  the  London  Chemical  Xews,  No.  2-1:2. 

In  order  to  increase  still  more  the  constancy  of  the  Daniel's  battery, 
Father  Secchi  advises  the  use  of  fine  sand  or  of  powdered  sulphur  in 
the  porous  cell.  He  accounts  for  its  action  by  supposing  that  when 
the  ordinary  liquid  alone  is  used  there  is  greater  liability  to  local  ac- 
tion taking  place  upon  the  zinc.  In  a  battery,  the  circuit  of  which  is 
closed  for  two  minutes  every  quarter  of  an  hour,  the  learned  Father 
has  used  an  ordinary  piece  of  commercial  sheet  zinc,  half  a  millimetre 
in  thickness,  which  has  continued  in  action  for  more  than  six  months, 
without  showing  the  least  sign  of  corrosion.  For  large  elements  in- 
stead of  porous  diaphragms,  he  uses  bags  made  of  coarse  linen  cloth, 
well  annointed  with  a  luting  of  flour  and  lime.  Those  who  have  ex- 
perienced the  difficulty  of  procuring  large  porous  cells  would  do  well 
to  test  these  contrivances. 


./5  Case  of  Dialysation. 

To  the  Editor  of  the  London  Chemical  Xewa. 

Sir: — In  preparing  solutions  of  vegetable  acids  in  a  large  manufac- 
tory lately,  where,  as  usual,  the  solutions  are  separated  from  an  in- 
soluble residue  which  is  washed  until  tasteless,  I  found  in  one  of  the 
filters  an  impossibility  of  accomplishing  this,  the  acid  taste  remaining, 
although  water  freely  percolated  through  the  mass;  and  on  closer  ex- 
amination I  found  that  the  filtered  liquor,  which  originally  contained 
only  a  very  small  percentage  of  sulphuric  acid,  now  consisted  almost 
entirely  of  it,  the  crystallizable  acid  having  been  kept  back  by  the  pre- 
cipitate, which  in  this  case  seems  to  have  acted  as  a  dialyser.  I  may 
further  add  that  as  soon  as  there  was  more  space  allowed  below  the 
false  bottom,  so  that  the  liquor  could  not  remain  at  all  in  contact  with 
the  precipitate,  this  effect  ceased. — 1  am,  &c.,  Chemicus. 
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A  Comparison  of  some  of  the  Meteorological  Phenomena  of  August,  1864,  with  thost 
of  August,  18fj.'5,  and  of  the  same  month  for  foukteen  years,  at  Philadelphia.  Pa. 
iiarometcT  00  foot  above  moan  tide  in  the  Delaware  Kivtr.  Latitude  '6'.>°  67.','' N.; 
Longitude  75*  loy  W.  from  Greenwich.     By  James  A.  Kikki'atkick,  A.M. 


August, 

August, 

August, 

1864. 

1803. 

for  1 4  years. 

Thermometer — Highest — degree, 

;iGoo° 

95-00<' 

97^(iO 

"                       "           date. 

nth. 

loth. 

2,'50;  4,  '59. 

"                Warmest  day — Mean, 

87-50 

88-50 

88 -.JO 

"                       "           "        dale. 

nth. 

loth. 

loth  1803. 

"                Lowest — degree, 

01  (10 

58  OO 

47-00 

"                       "          date. 

■6Ut. 

3(!th. 

20th  1850. 

"                Coldest  day — Mean, 

08-83 

03-00 

59-00 

"                       "         "       date,  . 

31  St. 

30th. 

20th  1850. 

"                 Mean  daily  osoillation, 

11-71 

10-00 

1575 

"                     "         "      range,    . 

2-73 

3.79 

3-72 

"                Means  at  7  a.m  , 

75-20 

74-95 

70-90 

li  1'  M.,        . 

84-19 

85-50 

81  ^39 

"                          "                0  I'.M.,        . 

78-43 

78-05 

74-03 

"                     "       for  the  month, 

7y-2U 

79-50 

75-46 

Barometer — Highest — Incheg, 

29-038  in. 

30-119  in. 

30-255  in. 

"                "''         date,      . 

I'.nh. 

31.«t. 

20th,  1855. 

"           Greatest  mean  dail}-  press. 

29-915 

30-107 

30-229 

"                  "          date. 

20th. 

31  St. 

20&31  1855. 

"           Lowest — Inches, 

29-437 

29  099 

29-350 

"                 "         date. 

3d. 

29th. 

20th,  1850. 

"           Least  mean  daily  press., 

.     29-456 

29-7(i2 

29-388 

"                 ♦*         date. 

3d. 

29th. 

20th,  1856. 

"           Mean  daily  range, 

0-082 

0-100 

0-095 

"           Means  at  7  a.m.. 

29-720 

29-878 

29-807 

••                     "             2  P.M., 

29-094 

29-850 

29-839 

!•  P.M., 

29-720 

29-808 

29-858 

"                "     for  the  month,   . 

29-715 

29-805 

29-855 

Force  of  Vapor — Greatest — Inches, 

0-895  in. 

0-980  in. 

1-024  in 

"            ♦'              "            date,     . 

2d. 

10th. 

1st,  1854. 

"             "          Least— Inches, 

•307 

•208 

-208 

"             "               "       date. 

31st. 

80th. 

often 

"            •'         Moans  at  7  a.m.,    . 

•033 

•585 

-5^7 

"               "               "               li  I-.M.,     . 

•030 

•590 

-594 

"                 "                 "                 '.1  P.M.,      , 

•073 

•610 

-015 

"             "             "       for  the  month, 

-645 

•595 

•599 

Relative  Humidity — Greatest — per  ct.. 

90-0  per  c. 

88-0  per  c. 

100^0  per  ct. 

"             "                     "             date. 

21.*t. 

10th. 

20th.  1854. 

"             "                 Least — per  ct., 

380 

41-0 

27  0 

"             "                     "        date,    . 

31st. 

30th. 

1st.  1800 

"            "                Means  at  7  a.m.. 

71-3 

70-8 

70^4     " 

2  P.M., 

53-3 

60  0 

56-0 

"                 "                            "               U  P..M., 

08-7 

75-0 

73.2 

"            "                    "for  the  month 

04-4 

70-0 

08-5 

Clouds — Number  of  clear  days,*    . 

4  days, 

10- 

9-6 

*♦             "                 cloudy  day5,     • 

27     - 

21- 

21-4 

"        Meansof  sky  cov'dut7  A.M., 

700  per  ct. 

55-0  per  ct. 

55  7  per  ct. 

2  p.m., 

77-4 

600 

00-9 

"                 "                 "         *'              !•  P.M. 

68-4 

45^0 

43-1 

"            •'            "      for  the  month. 

08-8 

633 

53-2 

Rain. — Amount, 

1-539  in. 

1.440  in. 

3-889  in. 

No.  of  days  on  which  Rain  fell. 

9- 

9^ 

9-9 

Prevailing  Winds— Times  in  1000 

s42''39'w-298 

n84<'17'w175 

s75«43'w.l02 

*  iskr  ouo-thinl  or  Una  covert^d  at  Uie  hours  of  obacrTatioa. 
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A  Co7nporlso7i  of  some  of  the  Meteorological  Phenomena  of  the  Stjmmek  of  18G4, 
with  that  r/f  1863,  and  of  the  same  Season  fur  THIRTEEN  years,  at  Fhiladelphia, 
Fa.  Barometer  60  feet  above  mean  tide  in  the  Delaware  River.  Latitude  39°  Hiy 
N.;  Longitude  75°  10^''  W.  from  Greenwich.    By  J.  A.  Kirkpatrick,  A.  M. 


Summer, 

Summer, 

Summer,  for 

1864. 

1863. 

13  years. 

Thermometer — Highest — degree,      . 

96-00° 

95-00° 

100-5° 

*'                     "            date, 

26Je&ll  Ag 

10th  Aug. 

21st  Jul}',  '54 

'*               "Warmest  day — Mean, 

89 -O? 

88-60 

91-30 

"                    "             "       date. 

2Gth  June 

10th  Aug. 

21st  July, '54 

"               Lowest — degree, 

51-00 

52-00 

42-00 

•'                      "           date,  . 

12th  June. 

8th  June. 

5th  June,  '59 

"               Coldest  day — JMcan, 

59-83 

60-83 

55-00 

"                      "         "        date,    . 

11th  June. 

7th  June. 

0th  June,  '61 

"               Mean  daily  oscillation. 

14-95 

14-28 

16-14 

'<                      •'         "    range. 

4-08 

4-06 

4-14 

"              Means  at  7  A.  M.,     . 

71-66 

71-71 

71-04 

2  P.  M.,     . 

81  -97 

80-16 

81-19 

9  P.  M.,     . 

7514 

•74-09 

73-74 

"                    '»  for  the  Summer, 

76-26 

75-32 

75-32 

Barometer — Highest — Inches, 

30-087  in. 

30-119  in. 

30-281  in. 

"                    "         date. 

21st  June. 

31st  Aug. 

14th  June, '52 

"           Greatest  mean  daily  press 

30-038 

30-107 

30-251 

"                    "         date. 

18th  July. 

31st  Aug. 

13thJune,'52 

^'           Lowest — Inches,  . 

29-296 

29-321 

29-182 

"                   "        date. 

9th  June. 

1st  June. 

11th  June,'57 

"           Least  mean  daily  press., 

.  29-358 

29-377 

29-262 

"                    "         date,    "  . 

9th  June. 

1st  June. 

11th  June, '57 

"           Mean  daily  ranee, 

0-108 

0-087 

0  096 

"           Means  at  7  A.  M., 

29-774 

29-807 

29-839 

2  P.  M., 

29-739 

29-781 

29-809 

9  P.  M., 

29-771 

29-810 

29-826 

"                   "       for  the  Summer, 

29-761 

29-799 

29-825 

Force  of  Vapor— Greatest — Inches, 

0-895  in. 

0-980  in. 

1-059  in. 

"             '•               "             date,     . 

2d.  Aug. 

10th  Aug. 

30th  June, '55 

««             "           Least — Inches,     . 

-221 

•207 

■142 

'«             «               "         date. 

28th  June. 

IGth  June. 

14th  June,'61 

"             "           Means  at  7  A.  M., 

•542 

•561 

•567 

2  P.  M., 

•547 

-561 

-574 

9  P.  M., 

•589 

-580 

-597 

"             "               "  for  the  Summer, 

•559 

•567 

•579 

Eelative  Humidity— Greatest— per  ct.. 

97-0  per  ct. 

94-0  perct. 

100-0  perct. 

"             "         "           "             date. 

25th  July. 

22  &  29  June. 

26Au.'54.0Je.'56 

"             "                Least — per  ct.. 

24-0 

22-0 

22-0 

"             "                      "         date,   . 

28th  June. 

16th  June. 

16th  June,'63 

"             "                Means  at  7  A.M., 

68-1  per  ct. 

74-1 

73-2 

2  P.M., 

49.4 

58-5 

54^0 

9  P.M., 

66-3 

71-9 

7M 

"             "                    "  for  Summer, 

61-3 

68-2 

66-1 

Clouds — Number  of  clear  days,* 

22 

16 

25^5 

"             "               cloudy  days, 

70 

76 

66-5 

«'        Meansof  sky  cov'd  at  7  A.M 

60-7  per  ct. 

71-6  per  ct. 

58-6  perct. 

"        "          2  P.M. 

63^6 

69 -0 

60-6 

9  P.M. 

•46-7 

47-3 

43-3 

"              "           "          for  Summer, 

57^0 

62-6 

54-2 

Rain — Amount, 

7-527  in. 

11-183  in. 

12-045  in. 

No.  of  days  on  which  Rain  fell. 

24 

39- 

32-8 

Prevailing  Winds — Times  in  1000, 

s63°49w'-290 

s63°26'w-080 

s71°25'w  160 

*  S&y,  one-tbird  or  less  covered  at  the  hours  of  obserratioii. 
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CIVIL  ENGINEERING. 


On  the  Testintj  of  Chain  Cables.    By  Frederick  Arthur 
Pa(jet,  Esq.,  C.E. 

From  tbc  Juurnal  of  the  Society  •>(  Art«,  No.  508. 
(Continued  from  i)age  lo'2.) 

The  question  as  to  tlic  rc-tcsting  of  cables  that  Lave  been  in  use  for 
a  certain  time  is  yet  unsettled,  but  the  inquiry  is  of  scarcely  less  im- 
portance than  that  of  the  first  testing.  There  are  many  applications 
of  wrought  iron  in  whicli  it  is  subjected  to  impulsive  stresses,  often, 
more  or  loss  accompanied  by  vibrations,  and  in  which,  nevertheless,  the 
detail  or  structure  has  to  conform  to  certain  narrow  limits  uf  size  and 
weight.  Such  is  the  case  with  most  applications  of  chains;  for  instance, 
to  cranes,  inclines,  forge-slings,  &c.  Such  is  the  case  also,  more  or 
less,  with  railway  a.xles  ;  the  axles  of  carriages  on  rough  common  roads; 
the  gags  of  helve  hammers;  the  porter  bars  fi.xod  to  the  blooms  whilst 
under  the  hammer;  the  iron  wires  of  some  piano-fortes;  and  many 
similar  applications  of  wrought  iron.  The  simple  fact  that  only  one- 
half  of  the  gradually  applied  stress  rccjuired  to  produce  the  proof  strain 
will,  if  applied  suddenly,  of  itself  produce  the  proof  strain  (which  if 
exceeded  would  injure  the  piece),  goes  a  long  way  in  explaining  the 
matter.  "Where  great  interests  of  life  and  property  are  involved  in 
the  safe  action  of  these  applications  of  iron,  tho  irrciiistible  logic  of 
facts  has  sometimes  caused  preparatory  allowances  to  be  made  for  these 
"fatigues  of  the  metal."     The  axles  of  the  London  omnibuses  are 
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stated  to  be  always  renewed  after  having  run  a  certain  fixed  mileage. 
This  system  is  also  carried  out  with  the  carriages  of  the  Messageriea 
Generales,  the  axles  of  which  are  changed  after  having  run  a  limit  of 
40,000  kilometres.  The  Honorable  the  Corporation  of  the  Trinity 
House  entirely  renews  all  the  moorings  of  the  light-ships  every  four 
years — one-fourth  of  the  number  yearly.  This  limit  of  time  gives  the 
measure  of  the  perfect  eflSciency  of  a  good  cable,  well  proportioned  to 
its  work,  and  in  constant  use  day  and  night.  Cables  in  ordinary  ships 
are  of  course  much  less,  or  rather  much  more  slowly,  subject  to  dete- 
rioration. We  have  seen  that  M.  David  fixed  the  time  after  which  a 
cable  in  ordinary  use  should  be  tested  at  ten  or  twelve  years.  Mr. 
Macdonald,  of  the  Liverpool  testing  house,  stated,  before  the  1860 
Committee,  that  he  would  examine  a  cable  after  any  long  voyage — 
such  as  to  India  or  Australia.  The  late  Mr.  Green,  the  great  ship- 
owner, explained  that  this  was  done  with  the  mooring  tackle  of  all  his 
ships.  An  experienced  pilot,  Mr.  G.  J.  Thompson,  said  that  it  should 
be  made  imperative  to  re-test  chain  cables  every  six  years,  and  Mr. 
Smale  fixed  this  limit  at  seven  years.  Mr.  J.  R.  Clarke,  however,  the 
chief  clerk  of  the  store  office,  stated  that  there  were  many  sound  cables 
in  store  twenty  years  old.  It  is  clear  that  it  would  be  very  difiicult  to  fix 
a  limit  of  time  that  could  be  applied  to  all  classes  of  ships.  The  cables 
in  the  royal  ships  are  scarcely  so  often  or  so  severely  tried  by  use  as  those 
of  some  merchant  vessels.  A  cable  might  remain  good  for  many  years, 
and  yet  at  last  be  injured  in  a  single  storm.  Apart  from  accidents, 
such  as  abrasion  on  rocks,  or  against  a  sharp-cornered  anchor  stock, 
or  similar  causes,  there  are  three  main  conditions  affecting  the  dura- 
tion of  cables  and  furthering  their  progressive  deterioration  under 
wear: — 1st,  the  friction  and  abrasion  at  the  crowns;  2d,  rust  and  cor- 
rosion by  the  sea- water;  3d,  undue  strains  on  the  cable,  and  in  excess 
of  the  compressive  and  tensile  elastic  limits  of  the  materials.  The 
average  amount  of  abrasion  and  consequent  wear  at  the  crowns  could 
only  be  determined  by  a  statistical  comparison  of  the  deterioration  of 
a  number  of  cables,  worked  under  similar  circumstances,  through  a 
certain  period  of  time.  No  full  observation  of  this  kind  seems  to  have 
been  yet  made.  The  same  appears  to  be  the  case  with  the  deteriora- 
tion of  iron  cables  by  rust  and  corrosion.  Mr.  Mallet  has  observed, 
"that  the  metallic  destruction  by  corrosion  of  iron  in  sea-water  is  a 
maximum  in  clear  sea-water  of  the  temperature  of  115°  Fahr.,  that 
it  is  nearly  as  great  in  foul  sea-water,  and  is  a  minimum,  in  clear  fresh 
river-water."  It  also  appears  that,  the  finer  and  more  equable  the 
quality  of  the  iron,  the  slower  is  its  corrosion.  The  alternative  action 
of  the  air  and  the  sea-water  in  ordinary  cables  must  have  some  in- 
fluence on  their  deterioration.  Again,  at  a  depth  of,  say,  100  fathoms, 
there  would  be  a  pressure  of  nearly  17  tons  on  the  square  foot, 
and  this  pressure  would  search  out  any  slight  crevice,  or  any  slightly 
defective  weld  that  had  escaped  the  test.  It  is  at  these  places  that 
the  corrosive  action  of  the  water  is  most  felt.  It  is  a  well  ascertained 
fact  that  the  spongy  mass  of  mechanically  compressed  crystals  we  call 
wrought  iron,  is  porous,  as  water  can  be  forced  through  it  at  compara- 
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lively  moderate  pressures.  It  is  also  well  known  that  the  hydrated 
oxide  of  iron  we  term  rust  performs  the  part  of  an  electro-negative 
element  when  in  contact  with  metallic  iron,  which  is  then  electro-posi- 
tive. When  iron  is  rusting  in  the  air,  the  moisture  of  the  atmosphere 
is  the  exciting  liquid,  but  this  voltaic  action  must  be  greatly  intensified 
in  the  presence  of  sea-water.  I  have  noticed  the  interesting  fact — 
which  deserves  more  investigation  than  I  have  yet  been  able  to  give 
to  it — that  in  the  links  of  a  great  number  of  chains  the  wrought  iron 
is  much  more  eaten  away  at  the  sides,  where  it  is  in  contact  with  the 
cast  iron  cross-stay.  The  same  action  was  stated,  in  a  number  of  the 
Times  of  last  year,  to  have  been  observed  on  wrought  iron  tie-rods  in 
contact  with  the  plates  of  a  cast  iron  sea-water  tank  which  burst  last 
June  at  Woolwich.  I  had  lately  occasion  to  examine  a  number  of  old 
chains,  after  they  had  been  cleaned,  and  after  the  rust  had  been  knock- 
ed off  with  a  liammer.  All  the  cast  iron  cross-stays,  almost  without 
an  exception,  were  slack.  Each  link  was  thus  temporarily  re<luced  to 
the  condition  of  an  unstayed  link,  the  ultimate  strength  of  which,  com- 
pared with  a  stayed  link,  is  generally  taken  to  be  in  the  ratio  of  7 
to  9.  When  the  cable  is  in  use,  the  progress  of  this  undoubtedly  vol- 
taic action  in  weakening  them  will  be  aided  by  mechanical  causes. 
The  rust  generated  between  the  cross-stay  and  the  sides  of  the  link 
will  be  more  or  less  washed  out  by  the  surge  of  the  cable  ;  a  sufficient 
longitudinal  stress  would  cause  the  virtually  unstayed  link  to  collapse 
on  the  stay;  the  sea-water  would  ngain  search  out  the  chinks;  would 
again  decompose  the  material ;  and  the  deterioration  of  the  cable  thus 
chemically  and  mechanically  weakened,  would  progressively  advance 
in  successive  increments  that  would  render  its  ultimate  destruction  a 
mere  matter  of  time.  This  action  would  be,  of  course,  more  felt  in  a 
cable  in  constant  use,  such  as  those  of  the  Honorable  the  Corporation 
of  the  Trinity  House;  and  whether  zincing,  which  is  stated  by  Dr. 
Parry  to  prevent  rust,  would  be  of  any  use,  or  whether  other  means, 
which  will  doubtless  occur  to  many  here,  might  prevent,  or  at  least 
modify,  this  action,  is  perhaps,  a  question  worthy  of  investigation  by 
the  able  men  comprising  the  Trinity  Board.  There  is,  however,  no 
need  to  search  amongst  the  mysterious  forces  of  nature  for  the  main 
cause  that  leads  to  the  ultimate  destruction  of  a  cable,  or  of  any  other 
application  of  iron,  under  like  conditions.  The  primary  cause  of  the 
destruction  of  a  cable  is  simply  due  to  the  limit  of  elasticitv  of  it3 
material  being  exceeded.  All  chains  are,  by  their  very  structure  and 
special  uses,  subject  to  jerks  and  shocks;  any  country  blacksmith  knows 
that  a  chain  that  can  stand  a  dead  ]»ull,  would  give  way  under  the 
same  weight  if  suddenly  applied  ;  and  we  all  know  that  a  careless  la- 
borer at  the  winch  handle  of  a  crane  sometimes  breaks  down  a  good 
chain  by  a  heedless  jerk.  Little  more  than  h\  tons  to  the  S(|uare  in. 
if  suddenly  applied,  would  at  once  bring  on  the  proof  strain  of  11-46 
tons  ;  and  although  the  dead  weight  of  a  cable  is  its  greatest  safeguard 
— so  much  so,  in  fact,  that  if  the  cable  out  of  the  hawser  could  be 
weighed  at  different  parts  of  its  length,  this  would  be  an  advantage — 
yet,  nevertheless,  the  safe  load  of  about  2J  tons,  under  an  impulsiye 
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stress,  to  the  square  inch,  must  be  often  exceeded  in  practice.  The 
safe  load  under  an  impulsive  stress  is  in  truth  rather  less,  as  the  as- 
sumption is  based  upon  the  usual  notion,  which  assimilates  a  cross- 
stayed  link  to  a  couple  of  bars. 

It  appears  a  paradox  to  say  that  the  chain  is,  in  one  sense,  strength- 
ened by  a  strain  in  excess  of  the  elastic  limit,  but  such  is  the  fact. 
The  power  to  bear  a  static  load  is  indeed  increased,  as  was  shown  by 
the  experiments  cited,  before  the  Committee  of  1860,  to  prove  that  a 
cable  is  strengthened  by  being  broken  several  times  under  the  gradu- 
ally applied  load  of  the  hydraulic  press  ;  and,  as  was  also  shown  by 
the  performances  of  the  If  th  bars  subjected  to  the  same  treatment  by 
Mr.  Loyd.  The  link  is,  in  the  first  place,  mechanically  strengthened 
by  being  drawn  into  a  lozenge-like  shape,  as  the  two  sides  of  each  end 
then  act  as  ties  to  a  very  short  beam ;  but  this  is  obtained  at  the  ex- 
pense of  the  elasticity  of  the  material — the  material  of  the  link  is  ren- 
dered harder.  It  is  a  somewhat  fanciful  analogy  to  compare  the  limits 
of  elasticity  and  of  rupture  of  iron  to  the  organic  life  of  a  plant 
or  animal,  but  it  is  justified  by  the  common  expression  that  a  bar  is 
said  to  be  crippled  by  an  undue  strain.  If  this  living  force  in  a  bar — 
these /orces  vives  de  resistance,  as  they  are  termed  by  Poncelet — if, 
in  one  word,  the  work  to  be  done  in  stretching  a  bar  be  expressed  (in 
the  English  way  shown  by  Mr.  Mallet)  by  multiplying  half  the  static 
load  in  pounds  required  to  stretch  a  bar  one  foot  long  and  of  one  inch 
cross-section  to  its  limit  of  elasticity,  by  its  elongation  in  terms  of  a 
foot  (Te) ;  and  if  the  static  load  required  to  break  the  bar  be  express- 
ed in  the  same  way — by  multiplying  half  the  static  load  in  pounds  by 
the  ultimate  elongation  in  terms  of  a  foot  (Tr ) — we  shall  then  get  the 
power  for  work  expressed  in  foot-pounds,  or  the  structural  value  of 
our  bar,  and  shall  see  the  reason  that  a  chain  may  be  crippled  for  any 
application  in  which  it  is  subject  to  an  impulsive  force.  The  short 
range,  multiplied  into  the  high  static  load  required  to  stretch  a  bar  of 
hard  iron  to  its  limit  of  elasticity,  compared  with  the  product  of  the 
long  range  but  low  static  load  required  to  stretch  a  bar  of  soft,  ductile 
iron,  will  show  that  a  link  made  of  hard,  brittle  iron  will  keep  its  shape 
much  better  than  one  made  of  soft,  ductile  iron.  A  calculation  of  the 
work  done  in  rupturing  a  bar  of  soft  iron  will  show  that  its  living  force  of 
resistance  to  rupture  is  several  hundred  times  greater  than  the  force  re- 
quired to  alter  its  elasticity;  and  a  similar  calculation  of  the  work  done 
in  rupturing  a  bar  of  hard  iron  will  show  that  the  work  to  be  done  in 
breaking  it  is  perhaps  twenty  times  less  than  that  in  stretching  it  to 
its  elastic  limit.  As  any  impulsive  force  is  equal  to  twice  the  work  to 
be  done  in  producing  or  consuming  it,  and  as  the  eflfort  required  is  less 
as  the  distance  gone  over  is  greater,  it  will  be  seen  that,  although  resi- 
lience is  a  sine  qua  non  in  a  cable,  the  strength  of  the  links  would  be 
destroyed,  and  the  structural  flexibility  of  the  whole  cable  would  be 
injured,  by  the  use  of  iron  too  soft;  while  the  use  of  very  hard  iron 
in  the  first  instance,  or  the  ultimate  hardening  of  any  iron  when  its 
limits  of  elasticity  are  exceeded,  renders  a  cable  of  hard  or  hardened 
iron  utterly  useless  for  its  intended  purpose. 
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Tlierc  is  thus  no  necessity  to  have  recourse  to  any  theory  of  the 
cryst;ilIization  of  iron  under  impulsive  stresses  to  explain  the  gradual 
deterioration  of  a  cable;  but  this  (|uestion  of  crystallization  is  one  of 
the  greatest  iinportance  and  interest;  and  we  may  yet  learn  that  the 
structural  value,  fur  many  purposes,  of  a  friven  bar  of  iron  is  in  some 
deterriiinato  relation  to  the  size  of  the  facets  «.f  the  crystals  of  which 
it  is  coniposed.  A  good  cable  bar  consists  of  crystals  that  have  been 
more  or  less  elongated  while  passing  through  the  rolls ;  the  question 
is  whether  these  crystals  arc  loosened  or  separated  at  their  planes  of 
cleavage,  or  whether  the  crystalline  axes  have  been  transposed,  un«ler 
the  undue  strains,  more  or  less  accompanied  by  vibration,  to  which 
chains  in  general,  and  chain  cables  in  particular,  are  necessarily  sub- 
ject. There  is  no  well-ascertained  instance  of  any  alteration  of  this 
kind  happening  under  moderate  stresses,  but  Mr.  Mallet  appears  to 
believe  tliat  a  reversal  of  the  crystalline  axes  takes  place  when  the 
elastic  liruit  either  of  extension  or  compression,  atid  therefore  of  flex- 
ure, is  exceeded,  and  more  especially  if  the  piece  be  not  initially  in  a 
state  of  molecular  repose.  There  is  every  reason  to  believe  in  the 
existence  of  internal  strains  in  the  link  of  a  chain,  and  more  especially 
at  the  crowns.  13ut  numberless  experiments  by  Dr.  Uankinc  and 
others,  and  more  particularly  by  Mr.  Kirkaldy,  have  shown  that  what 
is  popularly  called  a  crystalline  fracture  may  be  given  to  the  most 
lihrous  {)iece  of  iron  if  it  be  broken  under  a  suddenly-applied  load — 
an  effect  simply  due  to  the  mechanical  effect  of  a  sudden  stress,  and  to 
the  fact  that  any  piece  of  iron  is  an  assemblage  of  crystals.  There  is 
no  reason  to  believe  that  a  magnifying  glass — as  was,  indeed,  shown 
by  Robert  Stephenson — wouhl  reveal  any  material  difference  between 
a  bar  broken  attii-  fatigue  of  whatever  kind,  or  a  bar  broken  when 
fresh  from  the  mill.  At  the  same  time,  the  application  of  a  very  power- 
ful miscroscope  to  the  molecular  structure  of  iron  has  yet  to  be  made; 
and  the  history  of  the  first  application  of  the  telescope  to  a  very  diffe- 
rent science  may  yet  liud  its  counterpart  in  this  department  of  physi- 
cal knowledge. 

Whatever  be  the  internal  effect  of  the  lateral  contraction  induced  ^ 
by  excessive  tensile  strains,  it  would  be  of  the  utmost  importance  to 
settle,  once  and  for  all,  whether  re-annealing  can  restore  the  living 
force  of  resistance  of  iron,  and,  therefore,  of  a  cable.  Mr.  T.  M.  Glad- 
stone, C.E.,  recommended  this  plan  before  the  Committee  of  ISGO. 
Mr.  tSmale,  then  of  Woolwich,  taid  that  this  wou^d  be  like  IJurnet- 
izing  rotton  wood.  Dr.  Noad,  in  a  letter  to  the  Times,  about  eight 
years  ago,  stated  that  he  had  taken  away  the  brittleness  of  an  old  chain 
by  keeping  it  for  24  hours  in  a  furnace.  The  late  Mr.  Glynn  recom- 
nien<led  that  a  crane  chain  should  be  annealed  every  three  years.  At 
the  North  Ivoskear  mine,  in  Cornwall,  it  is  stated  by  M.  Sloissonet, 
that  the  pit-chains  are  withdrawn  from  the  shaft  after  every  six  months 
use,  are  rolled  in  a  heap,  then  covered  with  a  sort  of  cylindrical  fur- 
nace, and  brought  to  a  red  heat.  According  to  an  account  translated 
from  the  Russian  into  the  PolytcrhnittcUcs  CtntraUdatt,  the  chain  cableg 
for  the  Russian  government,  after  being  brought  to  a  dark-red  beat 
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immediately  after  testing,  are  then  tarred — a  plan  which  is  said  to  pre- 
vent rusting,  as  the  tar  thus  takes  a  firmer  hold  on  the  iron.  But 
many  things  may  be  done  with  charcoal  iron  that  it  would  not  be  safe 
to  attempt  with  our  ordinary  iron.  Baudrimont  appears  to  believe  that 
all  metals  only  acquire  determinate  qualities  by  proper  annealing,  and 
that  a  cherry-red  heat  is  necessary  for  annealing  wrought  iron.  Ac- 
cording to  the  experiments  by  the  Franklin  Institute,  wrought  iron  is 
perfectly  annealed  at  a  clear  bright  red.  The  experiments  of  both 
Baudrimont  and  the  Franklin  Institute  show  that  the  ultimate  tenacity 
of  iron  is  considerably  diminished  by  annealing,  but,  unfortunately, 
in  neither  case  was  the  elongation  noticed.  Poncelet  has  shown  that 
his  co-efficient,  Te,  of  elasticity  is  increased  with  annealed  iron,  but 
that  the  co-efficient  of  rupture,  Tr,  is  diminished.  This  refers  to  wires, 
and  no  complete  experiments  appear  to  have  been  yet  made  on  the 
effect  of  annealing  on  bars.  It  is  a  question  whether  the  extra  duc- 
tility conferred  on  the  links  by  the  process  of  annealing  would  not, 
while  rendering  them  more  ductile,  at  the  same  time  lead  to  their 
changing  their  form.  At  any  rate,  at  least  some  of  the  cast  iron  cross- 
stays  would  be  rendered  less  able  to  withstand  distortion.  At  the 
same  time,  the  question  ought  to  be  settled,  and  to  cables  compara- 
tively uninjured  by  corrosion,  the  process  might  prove  of  great  value. 
The  conditions  of  size  in  a  cable  are  peculiarly  favorable  to  the  use  of 
annealing.  Great  as  the  advantage  would  be  in  the  successful  appli- 
cation of  annealing  to  large  forgings,  there  are  several  well-authenti- 
cated instances  of  massive  crystals  being  developed  in  the  interior  of 
the  mass  by  the  long-continued  action  of  a  red  heat.  General  Morin 
thus  mentions  an  instance  of  the  production  of  crystals,  with  facets  from 
4  to  5  millimetres  in  breadth,  in  a  charcoal  iron  bar  originally  of  fine, 
soft,  fibrous,  texture. 

Tied  as  we  are  in  testing  cables  within  a  narrow  limit,  which  if  ex- 
ceeded in  either  direction  would,  on  the  one  hand,  either  impair  the 
efficiency  of  the  cable,  or  on  the  other,  the  efficiency  of  the  test,  it  is 
clear  that  the  most  thorough  accuracy  is  required  in  measuring  the 
proof  stress.  Unfortunately,  it  is  not  always  the  case  that  this  accu- 
racy is  obtained.  The  stress  exerted  by  the  machine  of  M.  David,  of 
Havre,  was  shown  by  the  French  government  to  be  taken  too  high. 
The  appliance  for  the  measurement  of  the  stress  exerted  by  the  Liver- 
pool corporation  testing  machine,  was  a  few  years  ago  shown  by  Mr. 
Mallet  to  give  a  result  of  nearly  0^  per  cent,  error  in  excess.  Some 
of  these  machines  consist  of  a  powerful  windlass  purchase,  but  we  will 
confine  our  attention  to  the  direct-acting  hydraulic  press,  the  appli- 
cation of  which  to  the  testing  of  chain  cables,  by  the  late  Sir  Samuel 
Brown,  maybe  said  to  have  rendered  the  iron  cable  a  practicable  thing. 
There  are  three  distinct  ways  of  measuring,  or  at  least  approximately 
measuring,  the  stress  exerted  by  the  press  plunger.  1st.  A  small 
valve  is  fitted  to  the  cylinder  and  furnished  with  a  steel-yard  and  ad- 
justable weight.  In  large  machines  this  is,  for  the  sake  of  convenience, 
carried  to  a  distance  from  the  press,  the  water  being  conveyed  in  a 
small  pipe.     2d.  A  Bourdon  gauge  is  attached  in  the  same  way,  either 
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direct  on  the  cylinder,  or  it  is  placed  in  communication  therewith  by 
niC!«riH  of  a  small  pipe.  3<l.  The  other  eml  of  the  chain  bein^  tcstetl 
is  attiiched  to  the  head  of  a  bent  iron  lever,  the  power  of  which  is 
multiplied  by  a  system  of  levers  balanced  on  knife  ed;^es.  The  plan 
of  mtasurin;^  the  stress  exerted  by  the  pre<s  plun;;er,  by  means  of  a 
weighted  valve,  is  liable  to  several  objections,  as  was  pointed  out  many 
years  afjo  by  Professor  Peter  IJarlow,  more  recently  by  Professor  Kan- 
kine,  and  by  Mr.  IJowman  in  his  evidence  before  the  IS^JO  Committee. 
In  tlie  first  place,  the  relative  proportion  between  the  pump  plunger 
and  the  valve  is  necessarily  great;  and  a  fiim[de  calculation  will  show 
that  a  liair's  breadth  more  or  less  to  the  valve  would  make  an  important 
difference.  In  the  next  place,  the  friction  of  the  leathers  and  the 
weight  of  the  plunger  are  not  taken  into  account;  the  gross  load  on  the 
plunger  is,  in  fact,  given  as  the  useful  work  at  the  end  of  the  piston 
rod.  Some  experiments  made  by  Professor  Hankine,  whose  name  is 
a. suflicient  guarantee  in  matters  of  this  kind,  have  shown  that  about  ono- 
tenth  should  bededucted  from  the  pressure  in  the  hydraulic  press,  merely 
for  the  friction  of  the  press  plunger.  The  real,  the  useful  work  exerted 
at  the  end  of  the  plunger  on  the  chain  is  thus  more  than  10  per  cent, 
less  tliiin  is  given  by  the  pressure  of  the  water.  An  error  in  the  oppo- 
site direction  will  be  made  by  conducting  the  pressure  of  the  water, 
either  on  a  weighted  valve,  or  on  a  liourdon  gauge,  and  this  error  will 
vary  with  the  diameter  of  the  pipe,  the  number  of  bends,  and  the  other 
losses  of  effect  in  a  stream  of  water  passing  through  a  pipe,  which  are 
well  known  to  engineers.  The  load  on  a  safety  valve  is  always  an  un- 
reliabh;  datum  for  computing  pressure;  a  Bourdon  gauge  is  much  moro 
delicate,  but,  in  this  case,  its  in<lications  are  erroneous,  unless  proper 
allowance  be  made  for  the  friction  of  the  leathers  and  the  weight  of 
the  i)lunger.  The  jnost  exact  means  yet  employed  for  measuring  the 
stress  created  by  the  plunger  on  the  chain,  consists  in  the  use  of  a 
system  of  balanced  levers,  according  to  the  plan  adopted  at  II. M. 
AVoolwich  anil  Portsmouth  <lockyards,  and  by  Messrs.  IJrown  A:  Lenox. 
The  press  at  Woolwich  is  also  furnished  with  a  weighted  valve,  accord- 
ing to  the  plan  just  mentioned,  and  in  addition  to  the  system  of  levers. 
The  lever  scale  is  perfectly  sensible  to  a  few  pounds,  but  the  valve  scale 
■will  scarcely  move  with  a  load  of  two  tons,  and  it  is  less  and  less  sen- 
sible as  the  loads  increase.  The  balanced  levers  are  perfectly  accu- 
rate, but  the  apparatus  is  rather  expensive.  At  the  last  Worcester 
iShow  of  the  Koyal  Agricultural  Society,  a  certain  apparatus  (not  pa- 
tented) was  exhibited  for  testing  the  draft  of  Fowler's  six-furrow  steam 
plough,  and  it  appears  to  me  that  a  modification  of  this  dynamometer 
might  be  employed  for  registering  the  stress  on  a  cable.  It  consisted 
essentially  of  a  evIindiT,  an*!  a  piston,  on  one  side  of  which  was  a 
volume  of  water  in  communication  with  a  Bourdon  gauge.  The  water 
was  enclosed  in  an  elastic  diaphragm,  fixed  to  the  piston  and  to  the 
cover,  and  the  gauge  was  necessarily  marked  according  to  the  results 
given  by  weights  gradually  applied.  JJy  shrinking  rings  on  the  out- 
eiiie,  or  by  straining  on  a  coil  of  wire,  the  cylinder  could  be  made  to 
ataud  any  amount  of  pressure  reijuircd,  and,  if  adjusted  with  the  cross 
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shackle  pins  at  the  opposite  ends,  at  ••ight  angles  to  each  other,  in 
order  to  prevent  j»n j  torsion,  and  also  by  the  adoption  of  other  simple 
means,  such  as  the  use  of  steel,  that  will  occur  to  those  now  present, 
a  light  instrument  of  probably  very  great  delicacy  would  be  obtained. 

"When  a  long  length  of  caMe,  s?y  of  seventy-five  fathoms,  is  being 
tested,  there  is  anotlier  influence  tbat  will,  m  some  cases,  affect  the 
result.  If  we  take  the  comparatively  light  one-inch  cable,  we  find  that 
it  weighs  58  lbs.  per  fathom,  so  that  the  whole  length  will  weigh  nearly 
two  tons.  The  last  link  at  each  end  will  have  to  stand  a  down  pull  of 
nearly  one  ton  in  addition  to  the  longitudinal  stress  of  18  tons.  This, 
however,  would  probably  be  practically  compensated  by  directing  the 
hammer  test  more  towards  the  centre  portions  of  the  cable,  and  the 
vis  viva  of  each  blow  will  be  absorbed  by  the  elasticity  of  the  metal, 
the  deflection  of  each  link  struck,  and  by  the  combined  weight  and 
resilience  of  a  certain  portion  of  the  cable  within  the  range  of  each 
blow.  It  may  here  be  noticed  that  in  testing  the  eflect  of  impact  on 
beams,  Mr.  Hodgkinson  used  a  4  H)  leaden  cushion  in  order  to  par- 
tially deaden  the  jar  of  the  blow.  In  a  leading  article  of  one  of  the 
engineering  journals,  in  May  last  year,  giving  an  account  of  Lloyd's 
proving-house,  it  was  proposed  that  "a  falling  weight,  to  be  released 
by  a  trigger  tripped  by  a  long  cord,"  should  be  employed  instead  of 
the  hammer,  in  order  to  prevent  any  accident  to  the  operative,  through 
the  flying  of  the  cable  or  a  chip  of  the  cast  iron  cross-stays.  This 
•weight  could  be  made  to  slide  overhead  in  the  same  vertical  plane  as 
the  cable ;  and  by  letting  it  fall  from  the  heights  determined  for  each 
diameter  of  cable,  the  vis  viva  employed  could  be  measured  with  ap- 
proximate accuracy.  This  would  only  be  on  a  par  with  the  plan  adopt- 
ed in  numberless  instances,  as  we  have  seen,  by  our  scientific  neigh- 
bors the  French  ;  and  similar  measures  might  perhaps  be  used  to  mea- 
sure the  blow  required  to  carry  out  the  fracture  test. 

The  application  of  known  impulsive  force  as  a  test  is  of  the  utmost 
value,  more  especially  when,  as  with  cables,  the  object  tested  will  have 
to  undergo  such  forces  in  practice.  If  some  plan  could  be  devised  for 
easily  and  accurately  submitting  the  whole  length  simultaneously  to  a 
sudden  instead  of  a  static  load,  this  would  be  of  great  importance.  In 
the  meantime,  the  hammer-blows  are  the  tests  for  the  resilience  of  the 
cable.  In  doubtful  cases  Professor  Daniell's  acid  test  might  be  of  value 
in  examining  the  structure  of  the  fractured  sections  of  the  two  or  three 
links  that  are  usually  broken  up.  A  great  number  of  experiments  on 
the  specific  gravity  of  iron  have  shown  that  it  would  be  dangerous  to 
make  deductions  as  to  the  qualities  of  a  specimen  of  wrought  iron  work- 
ed by  one  metallurgical  process,  and  to  then  apply  these  results  to  a 
bar  produced  by  another  mode — for  instance,  to  campare  in  this  way 
a  rolled  bar  with  a  hammered  bar.  At  the  same  time  there  is  a  re- 
markably close,  though  not  perfect,  correspondence  between  the  speci- 
fic gravity  and  the  quality  of  the  specimens.  Mr.  Kirkaldy  found 
that  the  specific  gravity  of  iron  was  even  decreased  by  being  much 
strained — at  any  rate  by  tension.  It  is  very  easy  to  obtain  the  specific 
gravity  of  any  substance  like  iron;  and  whether  the  physical  facts 
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that,  1st,  the  gravities  of,  for  instance,  No.  3  bars,  bear  a  pretty  con- 
stant relation  to  thoir  qualities;  and  that,  2«1,  the  specific  gravity  of 
■wrought  iron  generally  is  diminished  by  tensional  straining;  and,  3d, 
that  it  is  considerably  increased  by  annealing,  might  be  used  in  prac- 
tice for  testing  the  quality  of  the  iron,  or  the  deterioration  through 
wear  of  a  chain,  is  at  least  worth  an  inquiry. 

The  physical  conditions  involved  in  the  construction,  the  use,  and  the 
testing  of  anchors,  differ  so  materially  from  those  of  chain  cables,  that 
the  two  subjects  must  be  separated  in  an  examination  of  this  kind. 
But  there  can  be  little  doubt  that  a  sound  and  general  system  of  test- 
ing the  mooring  tackle  of  ships  will  bring  about  the  same  improvement 
in  the  quality  of  chain  cables  and  anchors,  as  the  trials  at  Shocbury- 
ness  have  already  effected  in  the  quality  of  rolled  plates  ;  and  the  effect 
will  indeed  be  produced  by  somewhat  similar  causes. 

(To  be  Continued.^) 


For  the  Journal  of  the  Frnnklin  Inititate. 

Bars  at  the  Entrance  of  Harbors  on  Tide-water.    By  D.  S.  Howard, 

C.  &  M.  Eng. 

The  same  general  laws  will  apply  to  the  formation  of  bars  in  tide- 
water, when  formed  by  currents  either  at  the  mouths  of  rivers  or  by 
the  tide  at  the  entrance  of  bays,  but  most  bars  at  the  entrance  of 
bays,  when  the  bays  are  of  a  capacity  to  quiet  the  current  of  the 
streams  entering  them,  or  those  receiving  no  streams,  are  formed  by 
winds  blowing  parallel,  or  nearly  so,  with  the  coast,  where  material 
exists  which  may  be  removed  by  the  waves,  and  still  heavy  enough  to 
sink  in  the  heaviest  sea-water. 

The  conduct  of  water,  under  the  influence  of  wind,  is  well  known 
to  the  most  casual  observer,  so  far  as  it  may  be  seen  on  the  sur- 
face, but  the  under  currents  in  the  constitution  of  waves  are  not  so 
well  understood.  In  deep  water,  with  a  steady  constant  wind,  we  see  the 
swells  large  and  smooth,  with  no  disposition  to  translate  anything  on 
their  surface  horizontally  in  any  direction.  These  waves  continue  in 
unobstructed  sea  room,  far  bcyoml  the  direct  influence  of  the  wind  ; 
they  then  become  what  are  called  "  de.id  swells,"  and  continue  in  that 
character  until  they  approach  shoal  water,  when  the  under  current 
becomes  quickened  by  contraction,  and  the  disposition  of  the  wave  is 
determined  by  the  form  of  the  bottom.  If  a  gradual  smooth  shoal, 
until  they  reach  the  slmre,  the  waves  become  shorter  an<l  more  curved 
on  the  back,  as  the  under  current  is  more  and  more  increased  by  con- 
traction, until  they  break,  forming  a  crest-like  appearance,  (they  are 
then  called  breakers,)  the  surface  water  sometimes  rolling  back  and 
the  remainder  rolling  forward  until  they  reach  an  elevation  on  the 
shore  indicated  by  the  perpendicular  height  and  the  momentum  of  the 
swell. 

These  breakers  show  more  or  less  distinctly  the  dift'orent  currents 
constituting  waves,  which  are,  undoubtedly,  generated  in  the  incipient 
sea,  continued  through  the  dead  swell,  and   fully  developed  in  the 
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breaker,  showing  conclusively  the  formation  of  a  vertical  eddy  under 
every  wave.  When  the  winds  are  parallel  to  the  coast,  these  verti- 
cal eddies  at  certain  depths  of  water,  indicated  by  the  force  of  the 
wind  and  the  size  of  the  wave,  take  up  whatever  loose  material  may 
be  in  their  way,  and  deposit  again  in  the  direction  of  the  motion  of 
the  wave,  at  a  distance  of  one  wave  from  the  other,  each  one  taking 
it  up  and  depositing  it  as  before,  until  it  reaches  a  depression  in  the 
bottom  like  the  entrance  to  a  bay  or  harbor,  where  it  may  rest  out  of 
the  reach  of  that  depth  of  wave. 

There  is  a  diiference  between  the  vertical  eddies  under  waves  and 
those  formed  by  a  current  rising  from  deep  to  shoal  water,  such  as 
form  bars  in  rivers,  and  sometimes  at  the  entrance  to  harbors  in  tide- 
water; these  are  stationary  as  a  whole,  like  their  cause,  while  those 
partake  of  the  same  movements  of  their  parent  waves,  and  require  a 
deeper  place  for  a  permanent  deposit,  while  these  require  a  shoaler 
place,  and  must  also  be  furnished  Avith  material  by  an  extended  cur- 
rent, like  that  of  a  river,  while  those  pick  up  their  own  material  wher- 
ever the  trough  of  the  sea  approaches  the  bottom  sufficiently  to  create 
the  necessary  force  to  the  under  current. 

There  are  few  outer  bars  now  formed  in  tide-water,  not  traceable  to 
the  action  of  waves,  except  such  as  that  at  the  mouth  of  the  Missis- 
sippi. There  are  also  few  rivers  in  this  age  of  the  world,  with  any- 
thing like  a  fixed  regimen,  emptying  into  tide-water,  that  have  not 
extended  their  delta  so  far  into  the  ocean  as  to  diminish  the  force  of 
their  currents  so  much  as  to  render  them  incapable  of  conveying  any 
material  of  a  size  and  density  of  substance  sufficient  to  sink  in  sea- 
water. 

The  immense  amount  of  water  passing  out  at  the  mouths  of  the 
Mississippi  river  at  the  time  of  freshets,  is  such  that  the  salt-water  is 
forced  out  beyond  the  bar,  allowing  the  deposits  to  be  made  in  fresh 
water,  by  a  vertical  eddy  formed  by  the  lower  current  of  the  river 
rising  from  deep  water  a  short  distance  above,  where  they  remain  as 
long  as  the  freshet  is  sufficient  to  keep  the  heavier  salt  water  from  the 
bar.  When  the  high  water  subsides  sufficiently,  the  heavier  salt-water 
of  the  Gulf  finds  its  way,  through  the  help  of  the  wind  and  tide,  into 
the  river  so  far  as  to  float  away  the  bar,  partly  in  the  form  of  what 
are  called  "mud  lumps,"  which  arise  to  the  surface  in  large  bodies, 
and  are  driven  ashore,  or  out  to  sea,  as  the  stronger  winds  or  tides 
may  prevail,  and  partly  by  a  semi-fluid,  formed  by  the  mingling  of 
the  salt-water  with  the  material  of  the  bar,  both  being  so  near  the 
same  weight  as  to  render  the  deposits  subject  to  similar  laws  of  trans- 
lation, consequently  are  gradually  disposed  of  along  the  coast  by  the 
winds  and  waves,  transferring  shoals  into  islands  and  peninsulas, 
forming  the  bays,  which  abound  on  the  Gulf  coast. 

It  is  well  known  that  there  is  plenty  of  water  over  the  bar  at  the 
mouth  of  the  Mississippi  except  in  high  freshets,  when  the  salt  water 
is  forced  beyond  the  bar.  Still,  it  is  also  well  known,  that  there  is 
no  time,  even  in  the  lowest  water,  when  there  is  not  a  large  amount 
of  material  brouprht  down  from  the  turbulent  Missouri,  of  the  same 
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character  as  that  whicli  comes  in  with  the  freshets,  but  no  deposit  is 
made  on  the  bar  ;  some  may  settle  in  deep  fresh  water  above,  to  be 
swept  out  })y  the  lower  current  of  the  freshets,  and  remain  f»n  the 
bar  until  floated  away  by  the  salt-water  when  the  freshets  subside  ; 
then  the  heaviest  salt-water  forces  its  way  under  the  fresh  far  above 
the  bar,  in  flood-tide,  loosening  up  the  deposits  and  preparing  them 
for  removal  by  the  ebb-tido,  assisted  by  the  flow  of  the  river,  which 
determines  their  destination  outwards  into  the  Gulf. 

It  would  seem,  from  the  most  reliable  facts  which  may  be  gathered 
from  experience  and  observation,  that  the  only  true  way  to  prevent 
bars  from  forming  at  the  entrance  to  harbors  in  tide-waters,  is  to  con- 
struct piers  on  each  side  of  the  channel,  near  enough  together  to  pre- 
vent the  coasting  winds  from  creating  a  sea  from  one  to  the  other; 
then  dredge  or  scour  out  the  channel  to  a  uniform  depth,  so  that,  if 
there  should  be  any  silt  or  sediment  floating  in  or  out  of  the  harbor 
by  the  tide  or  river  current,  there  would  be  no  tendency  to  deposit  by 
the  action  of  vertical  whirls  or  eddies  created  by  elevations  or  de- 
pressions in  the  bottom. 

This  has  been  the  most  approved  plan  by  the  most  eminent  engi- 
neers, but  the  difliculty  in  many  cases  in  obtaining  stone  for  the  con- 
struction of  piers  has  led  to  the  conclusion,  that  nearly  all  of  our 
harbors  south  of  New  York,  and  many  others  on  the  Atlantic  coast, 
are  out  of  the  pale  of  improvement ;  but,  in  my  opinion,  a  few  simple 
experiments,  properly  conducted,  would  prove  that  the  prime  ingre- 
dient of  a  concrete,  abundantly  sufficient  for  the  purpose,  can  be  found 
wherever  bars  are  formed,  and  procured  at  a  cost  that  would  settle 
the  question  of  expense  in  favor  of  the  practical  improvement  of  any 
harbor  on  the  Atlantic  coast. 

KlwooO,  N.  .1.,  S<pt.  1,  IhW. 


On  the  Machinery  employed  in  sinkintj  Artesian  Wells  on  the 
Continent.    By  G.  11.  Bu knell,  F.G.S. 

It  was  stated  that  the  extraordinary  depth  of  some  borings  lately 
made  for  the  purpose  of  obtaining  an  Artesian  supply  of  water  had  led 
to  great  changes  in  the  well-borers'  art,  and  to  the  introduction  of 
various  mechanical  processes,  and  of  modifications  of  machinery,  into 
the  merits  of  which  it  was  desirable  to  inquire. 

The  first  well  of  this  kind  was  that  at  the  Abbatoir  of  Grenelle.  This 
was  sunk,  after  eight  years  incessant  labor,  a  total  depth  of  1707 A  ft. 
(English,)  and  gave  rise  to  many  inventions  for  the  purpose  of  facili- 
tating the  progress  of  the  works,  for  removing  the  broken  tools,  for 
the  introduction  of  the  pipes,  and  for  carrying  on  observations  at 
various  depths  from  the  surface.  Subsequently  many  similar  wells 
were  sunk  on  the  Continent,  particularly  in  the  Rhine  provinces,  but 
they  were  all  of  small  diameter.  The  German  engineers  introduced 
important  modifications  in  the  tools.  J'ineyhausen  made  the  strikinf^" 
part  used  for  comminuting  the  rock  to  slide,  so  as  to  fall  always  through 
a  certain  distance,  and  thus  avoid  a  jar.     Kind  bad  already  applied 
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his  system  to  large  excavations  for  winning  coal  mines,  when  he  was 
entrusted  by  the  Municipal  Councils  of  Paris,  with  the  execution  of 
the  well  at  Passy.  This  was  to  have  a  diameter  of  one  metre  (3  feet 
3x6  in.),  that  of  Grenelle  being  only  20  centimetres  (about  8  inches). 
The  difficulties  encountered  in  carrying  the  excavation  through  the 
clays  of  the  upper  series  were  so  serious  that  six  years  and  nine  months 
were  occupied  in  reaching  the  water-bearing  stratum,  which  was  ulti- 
mately attained  at  a  depth  of  1913  ft.  10  ins.  from  the  surface,  when 
the  yield  was  3,349,200  gallons  per  day  of  twenty-four  hours,  subse- 
quently increased  to  5,582,000  gallons  and  then  continued  at  3,795,- 
000  gallons  per  day.  The  total  cost  of  the  well  was  <£4:0,000.  It  was 
lined  with  solid  masonry  for  a  depth  of  150  feet;  then  wood  and  iron 
tubing  was  introduced  to  1804  feet  from  the  surface,  and  below  that 
there  Avas  a  length  of  copper  pipe  pierced  with  holes. 

The  results  of  this  well  had  been  so  satisfactory,  as  regarded  the 
quantity  of  water,  that  the  authorities  had  decided  to  execute  at  once 
two  additional  Artesian  wells,  and  there  were  rumors  that  two  others 
were  contemplated. 

There  were  three  different  systems  of  well-boring,  mostly  dependent 
on  the  nature  of  the  tools  :  the  Chinese,  or  M.  Fauvelle's  ;  the  French, 
or  rather  the  usual  well-borers'  plan  ;  and  M.  Kind's.  In  the  first, 
the  motion  given  to  the  tool  in  rotation  was  simply  derived  from  the 
resistance  that  a  rope  would  excercise  to  an  effort  of  torsion,  and 
therefore  the  limits  of  application  of  the  system  were  only  such  as 
would  allow  the  tool  to  be  safely  acted  upon.  Besides,  a  considerable 
quantity  of  water  was  required  to  clear  out  the  boring,  so  that  this 
plan  had  been  almost  universally  abandoned.  In  the  ordinary  system 
of  well-boring,  the  weight  of  the  tools  and  of  the  solid  iron  rods  became 
so  great  when  the  excavation  was  deep,  that  there  was  considerable 
difficulty  in  transmitting  the  blow  of  the  tool,  in  consequence  of  the 
vibration  produced  in  the  long  rod,  or  in  consequence  of  the  torsion. 
Hollow  rods  filled  with  cork,  and  M.  iEneyhausen's  joint,  which  per- 
mitted the  tool  to  fall  freely  and  through  the  same  height  every  time 
it  was  released,  were  now  employed.  M.  Kind  adopted  both  these 
modifications,  and  in  the  well  of  Passy  he  substituted  oak  rods  for  iron 
ones,  as  being  lighter  and  more  easily  counterbalanced  in  water.  The 
products  of  the  excavation  were  still  most  frequently  removed  by  augers 
and  chisels  ;  and  all  the  processes  hitherto  practised  were  considered 
to  be  more  or  less  defective,  as  in  every  case  the  comminuting  tool 
had  to  be  withdrawn.  In  the  well  at  Passy,  M.  Kind  employed  a 
trepan  to  comminute  the  rock ;  it  weighed  1  ton  16  cwt.  and  fell  through 
2  feet.  This  tool  was  composed  of  two  principal  pieces — the  frame 
and  the  arms — both  of  wrought  iron,  but  the  teeth  of  the  cutting  part 
were  of  cast  steel.  The  frame  had  at  the  bottom  a  series  of  holes 
slightly  conical,  into  which  the  teeth  were  inserted,  and  were  tightly 
wedged  up.  These  teeth  were  placed  with  their  cutting  edge  on  the 
longitudinal  axis  of  the  frame  that  received  them ;  and  at  the  extremity 
of  the  latter  there  were  formed  two  heads  forged  out  of  the  same  piece 
with  the  body  of  the  tool,  which  also  carried  two  teeth  placed  in  the 
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same  direction  as  the  others,  but  which  were  made  of  double  the  width 
of  the  hitter  in  order  to  render  this  part  of  the  tool  more  powerful.  It 
was  by  increasing  the  dimensions  of  these  end-teeth  that  the  diameter 
of  the  boring  could  be  augmented,  so  as  to  compensate  for  the  diminu- 
tion of  the  clear  space  by  the  tubing  that  it  might  be  necessary  to  in- 
troduce in  traversing  strata  disposed  to  fall  in,  or  to  allow  the  waters 
from  below  to  escape  at  an  intermediate  level.  Above  the  lower  part 
of  the  frame  of  the  trepan  was  a  second  piece,  composed  of  two  parts 
bolted  together,  and  made  to  support  the  lower  portion  of  the  frame. 
This  part  of  the  machinery  also  carried  two  teeth  at  its  extremities, 
which  served  to  guide  the  tool  in  its  descent,  and  to  work  oflf  the  asperi- 
ties that  might  be  4eft  by  the  lower  portion  of  the  trepan.  Above  this 
again  were  the  guides  of  the  machinery  properly  speaking,  consisting 
of  two  pieces  of  wrought  iron  arranged  in  the  form  of  a  cross,  witii  the 
ends  turned  up,  so  as  to  preserve  tiie  machinery  perfectly  vertical  in 
its  movements,  by  pressing  against  the  sides  of  the  boring  already 
executed.  These  pieces  were  independent  of  the  blades  of  the  trepan, 
and  might  be  moved  closer  to  it  or  further  away  from  it  as  might  be 
desired.  The  stem  and  arms  were,  lastly,  terminated  by  a  single  piece 
of  wrought  iron,  which  was  joined  to  the  frame  bv  a  kind  of  saddle 
joint,  and  was  kept  in  its  place  by  means  of  keys  and  wedges.  The 
whole  of  the  trejtan  was  finally  jointed  to  the  great  rods,  that  com- 
municated the  motion  from  the  surface,  by  means  of  a  screwed  cou- 
jding,  formed  below  the  part  of  the  tool  tliat  bore  the  joint  which  per- 
mitted the  free  fall  of  the  cutting  part,  and  united  the  top  of  the  arms 
and  frame  and  the  rod. 

Proc.  Iiiat.  Ci\il  Eug.,  May  -1,  ISW. 


The  Adhesion  of  Krupp's  Patent  Steel  Tyres. 

Fruiii  Uie  UjdiIoii  MecbuiiicM°  Magazim-,  Juiu-,  I'xW. 

From  a  recent  return  made  by  the  machinery  department  of  the 
Chicago,  Burlington  &  Quincy  railway,  we  glean  the  following  interest- 
ing facts  respecting  the  traction  of  Krujip's  Patent  Steel  Tyres.  In- 
asmuch as  some  locomotive  superintendents  have  had  their  doubts  as 
to  the  adhesion  of  this  tyre,  the  data  contained  in  this  report  becomes 
the  more  important  and  valuable: 

It  appears  that  a  set  of  Krupp's  Tyres  have  been  running  umlor 
engine  "34"  thirteen  months.  The  weight  of  the  engine  is  34  tons, 
and  it  is  used  in  the  heaviest  gootls  service.  During  ten  days  of  the 
past  winter,  this  engine  was  behind  a  snmv-plough  with  three  engines 
back  of  it.  It  was  mainly  relieil  on  for  backing  out  of  a  snow-bank, 
and  its  wheels  were  found  to  slip  less  and  to  bite  stronger  than  those 
tyred  with  iron.  The  engine  was  watched  very  closely  through  this 
severe  test,  which  is  regarded  by  the  company  as  conclusive  of  the 
perfect  traction  of  the  tyre. 

The  wear  in  thirteen  months  is  very  slight,  and  the  tyre  is  considered 
good  for  another  year  before  going  in  for  the  first  turning.  The  tyre 
retains  its  perfect  circularity. 
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The  tougliTiess  of  the  Krupp  steel  affords  an  easy  solution  of  this 
traction  problem,  which  has  caused  much  speculation  in  the  minds 
of  many  railway  managers. 


For  the  Journal  of  the  Franklin  Institute. 

General  Problem  of  Trussed  Girders.  By  Db  Volson  Wood, 
Prof,  of  C.  E.,  University  of  Michigan. 

I  wish  in  the  following  article  to  show  how  to  investigate  truss 
bridges  from  the  fundamental  equations  of  statics. 

The  Problem.  It  is  2}roposed  to  find  the.  strains  upon  the  several 
ineces  which  form  a  truss  when  acted  upon  by  any  system  of  forces. 

The  demonstration  is  founded  upon  the  following  proposition,  which 
follows  directly  from  statics. 

Proposition.  If  a  frame  of  any  form  or  combination  be  acted  upon 
by  any  system  of  external  forces,  and  the  frame  be  completely  divided 
into  two  parts  by  an  ideal  plane,  the  strains  which  act  along  the  bars 
which  are  divided  by  the  2Jlane,  are  in  equilibrium  with  the  external 
forces  which  act  upon  the  part  of  the  frame  on  either  side  of  the  inter- 
secting surface. 

We  may  readily  conceive  that  the  forces  on  one  side  of  the  ideal 
plane,  hold  the  frame  for  the  others  to  act,  and  the  pieces  transmit 
the  forces  (strains)  from  one  part  to  the  other;  hence  we  may  conceive 
that  the  forces  on  either  side  of  the  plane  cause  the  strains. 

We  have  then  only  to  substitute  forces  for  the  strains  and  treat  of 
them  according  to  the  principles  of  statics. 

Let  fig.  1  represent  the  combination  of  bars  (or  pieces).     Take  the 

origin  of  co-ordinates  at  0  anywhere 
in  the  plane  of  section. 

Let  Y,  be  vertical  and  positive  up- 
wards. 
X,  horizontal  and  positive  on 
the  side  of  the  section  that 
the  forces  are  considered. 
z,  also  horizontal  and  positive 
to  the  right  of  x  as  we  look  from  y  towards  o. 

The  precautions  in  regard  to  the  signs  are  only  necessary  to  enable 
us  to  use  the  same  sign  throughout  the  discussion  and  the  applications. 
Let  P,  Pj,  Po,  &c.,  be  the  applied  forces, 

a,  5,  and  c,  the  angles  which  P  make  with  x,  Y,  and  z,  respec- 
tively ;  and  the  same  letters  with  subscripts,  the 
corresponding  angles  of  P^,  Pj,  &c. 
F,  Fj,  Fo,  &c.,  the  strains  on  the  bars  which  are  intersected  by 

the  plane. 
a,  i9,  and,  /    the  angles  of  f  with  x,  Y,  and  z,  respectively,  and 
the  same  letters  with  subscripts  for  the  corres- 
ponding angles  of  Fj,  F^,  &e., 
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2X  the  sum  of  all  the  x  components  of  the  forces;  similarlj  for 
ZY  and  sz. 

Now  conceive  that  the  frame  is  divided  an^Lone  part  removed,  anc^ 
that  in  the  plane  section  forces  are  substituted  which  will  cause  the 
same  strains  on  the  intersected  bars  that  existed  before  the  section 
was  made ;  it  is  evident  that  the  forces  are  in  e<[uilibrium  the  same  as 
before  one  part  was  removed. 

As  the  forces  are  in  equilibrium  we  have 

the  forces:  sx  — 0 

2Y=0 
2Z=0 

■  and  the  couples  :   szy  —  2Y2  =  0 

2X2 — ZZ2;  =  0 

2YX — sxy==0 
which  by  development  gives — 
the  forces  :  P  cos  a  -\-  p,  cos  a,  -f  kc.  -f  F  cos  a  -\-  r^  cos  Oj  -\-  &c.=^0  "j 

PCOS  b-\-l\  cos  6,  +  &C.  H- F  cos  ,5  -f  F,  008^,+  &c.=»0  V(l) 
P  cos  C  +  Pj  cos  <?i  +  &C.  +  F  cos  ^  +  F,  COS  Y^  4-  &c.  =  0  >' 
and  the  couples 
around  x,2P  (^cosc  —  zcos6)-f  sf  {t/cosj- — ecos3):=0l 

"       Y,2P(zC08a XCOSC)+ SF(2  COSa XCO3-j[-)=0  r  '         (-) 

"     z,2P  (xcosi — yco8a)+  2F(a:cosi3 — ycos  «)=0-' 
Equation  (1)  may  be  written  more  concisely,  thus : 
2 p  cos  a  -f  2 F  cos  a  =0  1 

2PC0S6  +  2F  cos  /3  =0  y  •  •  •  (3) 

2l>  cos  C  +  SF  COS  Y  =0  ^ 

Discussion  of  equations  (1)  and  (2). 

1°.  In  the  earlier  ])art  of  the  discussion  we  will  suppose  that  the 
applied  forces,  P,  P,,  &c.,  are  <;iven,  and  hence  tlieir  components  may 
he  readily  computed.  Considering  them  as  known  quantities  and 
placing  them  in  the  second  member  we  have — 

the  forces:  2F  cos  a=  —  SPcosa^ 

2F  cos  /3  =: — SPCOS  b  f         •  '  '  i"^) 

2F  COS  Y  =  — iiP  cos  c  ^ 
and  the  couples; 
around  x,2F  (y  cos;- — 2 cos ,5)=  —  rP  (y  cos c  —  2 cos h)'\ 

"      Y,2;F(2Cosa — xcos/')=  —  2P(zco3a — Tcosc)  /■        •         (^') 
"      z,vf(xco3/3 — y  cosa)=  —  rP(xcosft — ycosa)  ^ 

2^.  In  (4)  and  (5)  there  are  six  independent  equations  :  hence  the 
problem  is  determinate,  and  may  be  solved  by  elimination,  if  the  jduue 
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intersects  six  bars  or  less.  If  it  intersects  more  than  six  it  is  inde- 
terminate, unless  conditions  are  established  among  the  strains. 

3°.  If  the  frame  has  an  axis,  let  x  coincide  with  or  be  parallel  to 
it,  then  we  call 

2p  cos  a  the  direct  stress,  2p  cos  6  and  sp  cos  c  the  total  shearing 
STRESS,  2P(cos6  —  3/ COS  a)  the  bending  couple,  and  the  other  two 
the  twisting  couples. 

Practical  examples  of  such  a  general  character  very  rarely  occur. 

4°.  The  strains  uDon  the  bars  depend  upon  their  position,  and  not 
upon  the  trussing  bet.veen  them  and  either  end. 

5°.  Let  all  the  forces  be  in  the  plane  XY.  Then  will  c  =  90°, 
7- =  90°,  (a +  6)  =90°,  and  (a  +iS)=90°,  and  equations  (4)  and  (5) 
become     2F  cos  a  =  —  spcosa  n 

2Fcos/3= — 2P  cos  Salso  =  2F  sin  ,3  y  (6) 

2F  [x  COS  ;?  —  y  cos  a)  =  —  2P  (a;  cos  h  — y  cos  a)  j 

in  which  the  first  is  the  direct  stress,  the  second  the  shearing  stress, 
and  the  third  the  bending  couple. 

The  quantity  (x  cos  j3 — y  cos  a)  is  the  length  of  the  perpendicular 
let  fall  from  the  origin  on  F.  For,  let  ab,  fig.  2,  be  a  bar  along  which 
F  acts;  0  the  origin. 

The  point  of  application  of  the  force  may  be  anywhere  along  ab; 
let  it  be  at  F,  and  draw  Fd  perpendicular  to  X;  db  and  oc  perpen- 
yr^^^  dicular  to  ab,  and  0  e  parallel  to  a  b. 

lif  Then  0cZ  =  a;;  Jf=^,  6cZF  =  a,  and  JfcZ  =:  ;3 

r.  /  f  hd  =^y  cos  a,  ed=xcos  ,9 

■'' /'^•■j.e^  ,  .'.  oc  =  eb=ed  —  bd  =  x  cos  ^  —  V  cos  «. 

Call  this  perpendicular  q,  and  the  second  mem- 
/a.  ber  M2,  and  the  equation  becomes  2Fg  =  —  \iz. 

6°.  From  (6)  we  see  that  the  problem  is  determinate  when  the 
plane  section  intersects  three  bars.  If  more,  conditions  must  be 
established  among  the  strains. 

Suppose  the  plane  intersects  three  pieces  ;  viz:  the  upper  and  lower 
chords  and  a  brace  (or  tie),  and 

let         F  =  the  strain  on  the  upper  chord  ; 
F^  =  the  strain  on  the  lower  chord ; 
F2  =  the  strain  on  the  brace; 
a,  a,  and  a^,  the  corresponding  angles  with  x, 
q,  q^  and  q.^,  the  lever  arms  of  the  strains. 
Then  (6)  will  become 

F  cos  a-j-Fj  cos  ttj+Fg  cos  0.,= — ^P  cos  a  \ 

F  sin  a+F,  sin  ftj+F^  sin  a.y= — sp  cos  b  V    (7) 

'Sq        -fF,  ^i       ~^'^t^-i     = — 2p(a;cos6 — ?/ cos  a)  J 

Example.    Suppose  that  while  the  frame  abc,  fig.  3,  is  being  put  in  position,  it  is 
acted  upon  by  the  three  forces  PjPj.Pj. 
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Let  the  frame  bo  50  feet  long  and  weigh  100  lbs.  per  foot. 
AlsoP,^200  1bs.;,3,:=ir)0'>     .-.     a,r=— GQo 
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Pg  x.']00n.s.;/y,-.170«= 


.-^_80« 


from  which  we  may  find  v  and  a  ;  for  we  have 

2X=pcosa+200cos60°-f300cos80°  =  0 
2Y=p  sin  a+200  sin(— 60°)+300  sin(— 80°)— 50X100=0 
.-.    i>  =  5470ibs;  a  =  — 88°24J. 


N'«w  Piippopo  wo  wish  Uk"  strains  on  xa,  Ah,  and  br.  Intersect  these  bars  by  a 
vertical  linu  or  j)h(ne,  and  to  sinijdify  the  case  tak<3  the  intersection  infinitely  in':ir 
A.  Li't  Art  and  6r  be  parallel,  and  make  an  angle  of — 3U°  with  x,  and  xb  an  unglo 
of  ;  l.'(t°;  A</-    I/.   G  feet,  ij  and  </a  are  zero. 

Aocidding  to  the  proposition,  wo  may  consider  the  forces  on  the  right  or  left  of  a, 
and  as  there  is  but  one  external  force  on  the  right  we  will  consider  the  forces  on  that 
!>ido.  Suppose  thcro  is  liO  feet  of  frame  on  the  right  of  a,  and  the  center  of  gravity 
is  10  fi'ct  from  y  ;  thon  will  the  moment  be  2t»  >  KtO  >;  lU  liO(KX).  Call  the  levi-r 
arm  <»f  i'„  15  feet.  Tlie  strain  on  ao  is  tensive,  hence  a  - 1  oO":  on  be  it  is  compres- 
sion, hence  «, —  —  30°;  on  xb  it  is  con)pression,  henco  a,  -20°.  Hence  etpiation  (7) 
become 

F  COS  150°H-ri  cos  (— 30°)H  f.cos  20^=—  lo2-08 
F  sin  150°— Fi  sin  30° -fF.  sin  20°=      54G8-G4 
_F,X6     =— (20000+300  vl5) 

The  signs  of  G  F|  is  minus  because  it  tends  to  turn  the  system  from  right  to  left — 
tlio  signs  of  the  other  moments  are  positive  because  they  tend  to  turn  it  in  the  oppo- 
!jite  direction.     From  these  we  And 

F    -10802  lbs,  r,  -4083 J  lbs.  and  f,  -:6082  lbs. 
r.     Let  all  the  forces  be  vertical:  or,  i  =  0°  or  180,°  a  =  +  00^ 
These  in  (7)  give : 

F  cos  a  -f  Fj  cos  a,  -{-  F^  cos  a,  =  0 
F  sin  a  -f  F^  sin  a,  -f  f^  sin  a,  ^  —  z  _P        . 
F^        +^17,         +F.7,        =—  -L+vx    ) 
The  plus  sign  belongs  to  forces  which  act  vertically  upward.     It 
is  well  here  to  observe  that  if  we  consider  tension  as  positive  we  r?j<7^ 
consider  compression  as  negative  ;  or  we  may  consider  both  as  positive 
antl  attribute  the  sign  to  the  trigonometrical  function — the  same  that 
we  do  with  the  applied  forces  — in  which  case  a  compression  may  bo 
considered  as  a  thrust  whose  direction  is  changed  180.^     The  hypo- 
theses are  essentially  the  same,  although  the  latter  is  the  one  com- 
monly used  in  establishing  equations. 

The  fust  of  equations  (8)  shows  that  the  total  compressive  strain 
equals  the  total  tensile  ones. 

20« 


) 


(8) 
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The  shearing  stress,  as  found  by  the  second  of  equations  (7),  is 
greater  on  any  vertical  section  when  the  longer  part  of  the  frame  into 
which  it  is  divided  by  the  plane,  is  loaded  and  the  shorter  -part  un- 
loaded. 

For  if  we  conceive  the  longer  part  loaded — say  from  V,  to  the  sec- 
tion, in  fig.  5,  and  the  remaining  part  unloaded — then  will  the  total 
shearing  stress  on  all  vertical  sections  between  the  plane  section  and 
the  other  end  be  the  same,  and  equal  the  reaction  of  the  support,  v ; 
but  if  any  load  be  now  added  to  the  shorter  part,  v  will  sustain  a  part 
of  it  while  all  of  it  must  be  subtracted  from  V  to  find  the  shearing 
stress  on  the  section ;  hence  it  is  less  than  before  any  load  was  placed 
on  the  shorter  part. 

It  is  easy  to  show  that  the  sum  of  the  moments,  sPa:,  as  given  by 
the  third  of  (7)  is  greatest  when  the  frame  is  loaded  throughout. 

Equations  (8)  are  applicable  to  trusses  of  all  forms,  but  they  may  be 
reduced  so  as  to  be  more  convenient  for  particular  cases. 

8°.     Let  both  chords  be  convex  upwards. 

If  the  space  occupied  by  the  truss  be  divided  into  trapezoids  by  ver- 
tical bars,  as  ac  and  hd,  fig.  5,  and  the  diagonal  ones  so  arranged  that 
only  one  shall  act  at  a  time — or  what  is  equivalent,  the  diagonal  bars 
shall  be  so  arranged  as  to  be  subject  to  only  one  kind  of  strain,  I  shall 
call  it  i\xe  panel  system.  But  if  it  be  divided  into  triangles,  as  in  fig.  4, 
I  shall  call  it  the  triangular  system. 


/>c4 


A  bar  makes  the  same  angle  with  the  axes  that  a  line  does  which  is 
drawn  through  the  origin  and  parallel  to  the  bar.  We  may  assume  any 
position  of  the  bar  to  make  positive  angles  with  the  axes,  but  after  as- 
suming the  position  we  observe  that  a  bar  which  inclines  the  opposite 
way  makes  a  negative  angle — but  to  be  more  specific  we  will  assume, 
that  when  a  line,  or  its  prolongation,  which  is  drawn  through  the  origin 
and  parallel  to  the  bar,  falls  between  +x  and  +Ythe  angle  is  positive 
— otherwise,  it  is  negative.  Still  further,  to  avoid  numerous  negative 
angles  which  would  otherwise  occur  in  the  position  which  we  shall  as- 
sume for  the  origin,  I  will  make  Y  positive  downwards.  This  will  be 
equivalent  to  changing  the  signs  of  the  vertical  forces,  and  equations 
(8)  become 


F  cos  a  +  F,  cos  «,  -f  F2  cos  a,  "=  ^ 
F  sin  a  +  F,  sin  a,,  +  Fg  sin  a.^  =     2+p 
M         +^i3'i         +^2  <l2        =— 24-pa; 
in  which  plus  P  acts  vertically  upwards. 
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To  determine  the  angle  of  the  strains  we  conceive  that  forces  are 
applied  to  the  bars  in  the  section  which  shall  pro<luce  the  same  strains 
as  before  the  gection  was  made  ;  then  draw  a  line  from  the  origin  paral- 
lei  to,  and  in,  the  direction  of  the  action  of  the  force,  and  it  will  make 
the  same  angle  with  the  axes  that  the  force  does.  We  also  observe 
that  -f-  «  is  reckoned  from-j  x  towardsH-Y. 

To  prepare  equations  (0)  for  use,  we  will  make  a  section  at  the  right 
of,  but  indefinitely  near  to  a,  in  fig.  5. 

Let  I  =the  angle  which  the  upper  chord  makes  with  x. 
2,  =the  angle  which  the  lower  chord  makes  with  x. 
d  =the  anrrle  which  the  brace  a  d  makes  with  Y. 
v=the  vertical  reaction  of  the  support, 
a:,  =the  lever  arm  of  v. 

h  =ac=thc  vertical  depth  of  the  frame  at  the  origin. 
Xj'  P  =the  sura  of  all  the  loads  between  the  origin  and  the  end. 
2„'i'x  =  the  moments  of  all  the  loads  between  the  origin  and  v. 

O  O 

Take  the  origin  at  a.  The  strain  on  ab  is  compressive,  to  produce 
which  requires  that  F  act  from  a  towards  b  ;  hence  ««=i.  f,  must  act 
at  c,  and  towards  c ;  hence  «,  =  l80°-t-i, ;  and  F^  acts  from  a  towards 
d;  hence  ^,=90 — tf.  (j=0;  q^=ae=k  cos  i^;  <ii=0.  These  values 
reduce  (9)  to 

F  cos  *  —  F^  cos  t\+  F,  sin  6^0  \ 

Fsini  —  Fjsin  i,+  F2C08<^=v — 2^''p      I     .         .     (10) 

F,  h  cos  /,  ="^'-^1 — ^o  ^'-^  ^ 

For  maximum  shearing  stress  "L^  ?  =  0  ;  and  we  have 
F  cos  i —  F,  cos  i^  +  Fj  sin  ^=0    ^ 
Fsini — F,  sin /, H-F^coss^v     V         .         .         .       (11) 

Fj/icose,  =vx^j 

It  must  be  observed  that  v  in  this  case  is  not  the  same  as  in  the 
preceding,  but  it  must  be  computed  from  the  given  data. 

Example.  Suppose  that  in  a  briilsji>  which  is  120  feet  Ion*;  it  is  obsorvod  that  at 
WVoi't  from  the  end  the  uppor  chord  is  inclined  ir>°  t»>  the  horizon  ;  the  lower  chord 
I'O.o  the  brace  4'>.°  and  the  deptli  is  M  fcH.  It  is  required  to  find  the  strains 
upon  these  burs  when  there  is  an  uniform  load  of  one  ton  per  foot  over  the  wholo 
lenscth  of  the  bridsje  :  also  the  strains  at  the  instant  of  maximum  shearing,  when  it 
moves  oS  without  shock. 

For  the  former  part  of  the  prublom  we  use  <  10)  and  readily  have 

r  cos  15° — K,  cos  20" -j-  r,  sin  45"=  0  \ 

Fsin  15°— K,  sin  20"-!- F,  cos 45° =60— 30=30  l 
10  »-,  cos  20°=GO.3O— 30.16=1850.      J 
Those  solved  give 

F-=77,  F,=143,  and  r,— 85  tons. 
The  results  are  ijiven  to  the  nearest  wholo  number. 

For  the  maximum  shearing,  tJ»e  load,  according  to  the  principles  before  stated, 

'.>0-45 
must  extend  over  90  feci.     For  this  wo  find  v=— p    =38J,  which  in  C^U  S'^o* 
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F  cos  15° — F,  cos  20° — Fj  sin  45° =0         -j 
F  sin  15°— F^  sin  20°+F2  cos  45°=33|      I 
10f^cos20°  =:1012ji 

whicli  being  solved  will  give 

F=43-2,  F^=107-6,  r2=84-4  tons, 

which  compared  with  the  preceding  shows  that  the  strain  on  the  brace  is  nearly  as 
great  as  when  the  whole  bridge  is  loaded.  We  shall  hereafter  see  that  there  are 
cases  in  which  the  strain  on  the  braces  is  greater  for  maximum  shearing  than  when 
the  whole  frame  is  loaded. 

If  6c  is  brought  into  action  as  a  brace,  it  must  be  done  by  the  loading  between  h 
and  V. 

(To  be  Continued.) 
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The  Cinematics  of  the  Slide  Valve.    By  Albert  Aston,  U.S.  Corps 
of  Naval  Engineers. 

As  experience  has  proved  the  slide  valve,  cutting  off  hy  lap,  to  be, 
of  all  devices,  the  best  adapted  to  locomotive  and  screw-propeller 
engines,  a  set  of  reliable  formulas,  embracing  all  the  practical  con- 
ditions, for  determining  the  proportions  necessary  for  its  proper  action, 
"will  doubtless  be  acceptable  to  those  engaged  in  its  construction. 

In  the  following  discussion,  strict  mathematical  accuracy  is  not  aimed 
at,  as  that  would  only  uselessly  complicate  the  problem.  The  results 
given  by  the  formulas,  however,  will,  within  the  limits  of  practice,  differ 
from  the  absolute  truth  only  by  insensible  quantities. 

The  principal  dimensions  to  be  determined  are  the  throw  of  the 
eccentric  and  the  lap  of  the  valve.  For  these  we  have  given  the  length 
of  stroke  of  the  piston,  or  the  length  of  the  crank ;  the  point  of  cut- 
ting off,  and  the  width  of  opening  of  the  steam-port. 

The  action  of  an  eccentric  is  to  be  regarded  as  precisely  the  same 
as  that  of  a  crank,  the  centre  of  the  eccentric  corresponding  to  the 
centre  of  the  pin  of  the  crank.  The  distance  from  the  centre  of  the 
shaft  to  the  centre  of  the  eccentric  will  be  called,  for  convenience,  the 
radius  of  the  eccentric. 

If  a  valve  be  without  lead  or  lap,  and  the  connecting-rod  and  eccen- 
tric-rod are  supposed  to  be  infinitely  long,  it  will  be  in  mid-position, 
or  at  half  its  stroke,  when  the  piston  is  at  the  beginning  of  its  stroke, 
its  edges  will  coincide  with  the  edges  of  the  steam-ports,  and  its  stroke 
will  be  exactly  double  the  width  of  the  port ;  but  if  lap  on  the  steam 
side  be  given  to  the  valve,  its  length  will  be  correspondingly  increased 
beyond  the  edges  of  the  ports,  consequently  its  stroke  must  be  increased 
by  exactly  the  increased  length  of  the  valve,  and  the  centre  of  the  eccen- 
tric must  be  revolved  about  the  shaft  from  its  mid-position  until  the 
extreme  edge  of  the  valve  again  coincides  with  the  edge  of  the  port, 
as  the  valve  must  be  on  the  point  of  opening  when  the  piston  is  at  the 
commencement  of  its  stroke. 

It  will  be  seen  by  inspecting  the  diagram,  Plate  III,  that  the  valve  will 
open  while  the  centre  of  the  eccentric  passes  through  the  arc^^c?,  and  that 


//'///■f/ii/   //fi/i/./,/,  ///.,///// A 


y>'/  \7,i7//  :.''  vr,  /-/.^trn^ 
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it  will  close  while  the  same  point  passes  through  the  equal  tire  dp',  the 
points  p  and  p'  being  equally  distant  from  any  point  in  the  straight 
line  Aij ;  therefore,  the  versed-sine  of  the  arc  pd  is  equal  to  the  width 
of  opening  of  the  steam-port.  As  the  centre  of  the  eccentric  was  re- 
volved about  the  shaft  through  the  arc  m p  on  account  of  the  lap,  the 
distance  through  which  the  valve  moved  (which  is  eijual  to  the  lap)  is 
equal  to  the  sine  of  the  arc  mp,  or,  to  the  cosine  of  its  complement, 
pd.  If  the  centre  of  the  eccentric  should  pass  to  the  point  p",  which 
is  directly  opposite  the  point  p,  the  other  end  of  the  valve  would  be 
the  point  of  opening. 

Both  the  crank  and  eccentric  being  secured  to  the  same  shaft,  it  is 
evident  they  must  pass  through  equal  angles  during  any  portion  of  a 
revolution.  Thus,  if  the  crank-pin  pass  from  p  to  p',  the  centre  of  the 
eccentric  will  pass  from  p  to  />',  the  angle  pcp'  being  equal  to  the  angle 
pep'.  Therefore,  if  the  valve  be  required  to  open  and  close  while  the 
crank-pin  passes  from  P  to  p',  the  centre  of  the  eccentric  must  be 
secured  at  the  point  p  when  the  crank-pin  is  at  P,  and  the  angle  pcd 
equal  to  one-half  o?  pep',  or  one-half  of  Pcp'. 

To  find  the  radius  of  the  eccentric  when  the  width  of  the  steam-port 
and  the  angle  pcp'  are  given, 

Let  a  =  width  of  steam-port  opening, 
r  =  radius  of  eccentric, 
/3  =  angle  Fcv'  through  which  the  crank  has  passed. 

Then  -9 

a=r — r  cos  x 


a=rfl — cosv^  j 


V 

a 

1  —  cos  -  ,  .  .         (1) 

o 

To  find  the  value  of  cos  7,  in  terms  of  the  stroke  of  piston  and  point 

of  cutting  off,  let  K  — the  length  of  tlie  crank,  L  =  the  length  of  stroke 
to  be  acconiplished  with  the  full  pressure  of  steam, 

then  11  cos  ^  =  k  —  l. 

^     K  —  L 
cos;3==;- 

The  formula  for  the  cosine  of  half  an  arc  is- 
cos—     i-'+cor^ 


2    s — 2 


liK— L 
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Substituting  this  value  in  (1),  we  have 


2r 


(2) 


We  have  seen  before,  that  the  lap  of  the  valve  is  equal  to  r  cos  ~ 

or,  which  is  the  same  thing,  r—  a  ;  therefore,  if  we  represent  it  by  x, 
we  have 

x  =  r — a  .  .  .  (3) 

These  values  for  the  radius  of  the  eccentric  and  the  lap  of  the  valve 
are  true,  provided  the  valve  has  no  lead,  and  supposing  the  eccentric- 
rod  to  be  always  parallel  to  a  line  bisecting  the  angle  jocp'.  As  the 
former  is  seldom,  and  the  latter  never  the  fact  in  practice,  it  will  be 
necessary  to  investigate  the  effect  of  the  derangement  thus  caused. 
It  will  be  seen,  however,  that  these  two  causes  of  derangement  act  in 
opposition  to  each  other,  the  one  tending  to  increase,  and  the  other  to 
diminish  the  radius  of  the  eccentric;  and,  with  the  amount  of  lead 
usually  employed,  if  the  eccentric-rod  has  much  angularity,  they  become 
nearly  equal,  thereby  neutralizing  each  other.  We  will  first  consider 
the  lead. 

If  the  lead  should  be  given  by  moving  the  eccentric  around  on  the 
shaft  to  any  point,  q^  the  valve  would  still  close  when  the  centre  of  the 
eccentric  arrived  at  the  point  p' ;  or,  the  steam  would  be  cut  off  when 
the  crank  had  passed  through  an  angle  equal  to  qcp\  which  is  less 
than  the  angle  joc'^',  or  its  equal  pcp',  thus  bringing  the  point  of  cut- 
ting off  nearer  to  the  commencement  of  the  stroke  of  the  piston.  On 
the  other  hand,  if  the  lead  should  be  taken  from  the  valve,  the  valve 
would  not  close  until  the  centre  of  the  eccentric  had  passed  the  point 
p'  to  some  point,  q\  which  would  cause  the  crank  to  pass  through  an 
angle  equal  to  pcq',  which  is  greater  than  pep',  thereby  bringing  the 
point  of  cutting  off  nearer  the  e7id  of  the  stroke  of  the  piston. 

As  the  lead  is  usually  but  a  small  portion  of  the  stroke  of  the  valve, 
it  will  be  sufficiently  accurate,  for  practical  purposes,  to  consider  the 
angle  p  c  q  equal  to  the  angle  p'c  q',  and  to  take  one-half  the  lead  from 
the  lap  of  the  valve  and  give  the  other  half  by  moving  the  eccentric 
around  the  shaft  to  a  point,  m,  midway  between  p  and  q.  This  can 
be  done  whatever  may  be  the  position  of  the  pointy. 

As  the  valve  will  now  be  partly  open  when  the  centre  of  the  eccentric 
is  at  the  point  p,  or  p',  it  is  evident  that  the  radius  of  the  eccentric 
may  be  lessencil  so  that  the  versed  sine  of  the  arcs  pc  d  or  dep'  plus 
the  distance  the  valve  is  open,  may  be  equal  to  the  width  of  the  steam 
opening,  a.  The  distance  the  valve  is  open  being  one-half  the  lead,  if 
we  represent  the  lead  by  I,  we  have  for  the  value  of  the  versed  sine 
of  the  arc  p  d, 

I 
a  — 
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The  other  cause  of  derangement,  the  obliquity  of  the  eccentric-ro«J, 
causes  the  valve  to  open  wider  at  one  end  than  at  the  other,  thus: 
Instead  of  the  width  of  opening  of  the  steam-port  being  equal  to  tho 
versed  sine  of  the  arc  pd,  or  to  a,  it  will  be  equal  to  «  2,  or,  a  minu3 
the  versed  sine  of  the  arc  p  s,  while  at  the  other  end  of  the  valve  it 
will  be  equal  to  a'd'.  As  the  width  of  steam  opening  assumed  is  sup- 
posed to  be  as  small  as  it  properly  can  be,  the  value  of  r  should  be 
increased  so  that  the  distance  sd  will  give  the  proper  opening.  To 
this  end,  it  will  be  necessary  to  add  the  versed  sine  of  the  arc°/? «  to 
that  portion  of  r  represented  by  a.  Let  this  versed  sine  be  represented 
by  V,  and  we  will  then  have  for  the  value  of  the  versed  sine  of  the  arc 
pd. 

I   . 
«  — .7  +  v. 

which  may  be  substituted  for  a  in  (2),  when  the  formula  will  become 

a— ^-f-y. 

'=i=;7r„-.       ••■(■») 

2r 

As  V  is  a  variable  function  of  r,  its  value  cannot  be  obtained  in 
terms  independent  of  that  quantity ;  nor,  is  it  a  matter  of  sufficient  con- 
seciuence  to  require  a  rigorous  mathematical  determination.  If  the 
value  of  r  be  first  found  by  equation  (2),  and  v  be  computed  from  tli;it 
value,  the  result  given  by  (4)  will  be  found  sufficiently  accurate.  T!ie 
length  of  eccentric-rods  is  seldom  less  than  fifteen  times  r;  and  it  is 
easily  seen  that  these  inaccuracies  are  practically  imperceptible.    If 

V  is  found  to  be  nearly  ecjual  to  -  both  may  be  neglected. 

To  find  the  value  of  i\  let  r'  equal  the  length  of  the  eccentric-rod 
and  <f>  e<jual  the  angle  formed  by  the  rod  with  the  line  ad,  then 

v  =  r' — r'  cos  (J.. 


but 


r'  cos  «?>  =\/ r"  —  f  r  sin  -  j 
.-.  v  =  r' — ^//^—frsin  J^,  j^ 

l^j.     Il  — cos,}         J'-   K~  IT 
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The  equation  for  the  lap  will  now  become 

I 


/3      I  I2r— L       I 


(G) 


which  will  be  true  whether  -^  and  v  are  discarded  from  (4)  or  not. 

The  eifect  produced  by  the  obliquity  of  the  connecting-rod,  is  that 
of  causing  the  valve  to  close  sooner  at  one  end  than  at  the  other,  or, 
the  steam  will  be  cut  off  shorter  at  one  end  of  the  cylinder  than  at  the 
other.  The  greater  the  obliquity  of  the  rod,  the  greater  will  be  the 
diiference ;  but  it  may  be  partially  remedied  by  giving  the  valve  more 
lead  at  one  end  than  at  the  other. 


In  fig.  2,  let  AB  represent  the  length  of  stroke  of  the  piston  or  cross- 
head,  and  PP,,  points  of  cutting  oft"  equally  distant  from  the  ends  A  and 
B  ;  then,  taking  the  length  of  the  connecting-rod,  BH,  as  a  radius,  and 
the  points  P  and  p,,  as  centres,  describe  the  arcs  FD  and  f^d,,  which  will 
cut  the  circumference  described  by  the  centre  of  the  crank-pin  in  the 
points  D  and  I>^.  These  points  will  represent  the  position  of  the  crank-pin 
at  the  moment  the  steam  is  cut  oft';  and  it  will  be  observed  that  the 
arc  ID  through  which  the  pin  passes  on  its  outward  stroke,  is  less  than 
the  arc  HDj  traversed  by  the  pin  on  its  inward  stroke.  Now,  if  the 
connecting-rod  be  supposed  infinitely  long,  it  will  be  always  parallel 
to  the  line  ah  ;  the  lines  FD  and  f,d,,  instead  of  being  arcs,  would  be 
parallel  straight  lines;  and,  as  they  are  equidistant  from  the  centre 
of  the  circle  described  by  the  crank-pin  and  perpendicular  to  the  line 
IH,  they  would  be  equal  and  would  intercept  equal  arcs,  IE  and  hE[, 
of  the  circumference.  If  the  points  e  and  E^  are  assumed  for  the 
positions  of  the  crank-pin  at  the  time  the  steam  is  cut  off",  the  cross- 
head  must  travel  a  distance  greater  than  ap  on  its  outward  stroke,  and 
a  distance  less  than  bp,  on  its  inward  stroke,  for  the  arc  IE  is  greater 
than  the  arc  ID,  and  the  arc  hEj  is  less-  than  the  arc  hd,.  Now,  if  we 
take  the  length  of  the  connecting-rod,  pf,  as  a  radius,  and  the  points 
E  and  E,  as  centres,  and  describe  small  arcs  cutting  the  line  AB  in  p^ 
and  P3,  these  points  will  represent  the  positions  of  the  cross-head,  and 
the  distances  PP^  and  P1P3  will  be  equal ;  for  the  right-angled  triangles 
FP^E  and  FjPjE,  are  equal,  and  the  diff'erence  between  two  adjacent  sides 
of  one,  is  equal  to  the  difi'erence  between  two  corresponding  adjacent 
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sides  of  the  otiicr.  As  AP2  is  equal  to  ap-|-pp^,  and  bp,  is  equal  to 
jiP^ — P^Pg,  the  distance  ap  or  BPi  is  an  arithmetical  mean  between  the 
distances  ap^  and  bPj. 

To  find  the  distance  pp.  or  p,P3,  wc  have 

PP.=»  P^E — V^PjE' — EF*. 
The  quantity  ef*=(r  sin  ay=v.- — (r  cos  af=v} — (r — l)*. 

Let  tlic  distance  pp^  be  represented  bj«,  and  the  length  of  the  con- 
necting-rod by  c,  then 

«    c— I  c^— [k''— (R— L)-^],  .  .  (7) 

which  must  be  added  to  the  mean  distance  of  cutting  off  on  the  out- 
ward stroke  and  subtracted  from  it  on  the  inward  stroke. 

If  levers  intervene  between  the  eccentric  and  valve  so  that  the  stroke 
of  the  latter  is  increased  or  diminished,  its  dimensions  must  be  regulated 
proportionately  to  the  arms  of  the  levers.  This,  however,  will  not 
a[)ply  to  the  Stephenson  link,  as  the  backing  eccentric  deranges  the 
motion  unless  the  axis  of  the  forward  eccentric-rod  pin  coincides  with 
the  axis  of  the  link-pin.  The  usual  method  of  attaching  eccentric- 
rods  to  one  side  of  the  link,  causes  a  slight  derangement,  but  it  is 
barely  perceptible.  The  best  way  of  finding  the  position  of  the  link 
for  intermediate  points  of  cutting  off,  is  as  follows  : — When  the  engines 
are  set  up  and  the  valve-gear  adjusted  (the  valve-chest  cover  lieing  off 
if  practicable),  turn  the  shaft  until  the  cross-head  arrives  at  the  point 
desired.  Then  move  tiie  link  until  the  steam-port  is  just  closed,  and 
mark  the  position  of  the  catch,  on  the  guard  or  whatever  other  device 
may  be  adopted.  Next,  turn  the  shaft  until  the  cross-head  is  in  a  cor- 
responding j>osition  on  the  return  stroke  ;  move  the  link  until  the  j)ort 
is  closed  and  mark  the  position  of  the  catch.  Cut  the  notch  midway 
between  the  marks  on  the  guard  and  proceed  in  the  same  manner  for 
the  other  points  of  cutting  off. 

The  only  remaining  question  is  that  of  the  exhaust  lap.  If  the  ex- 
haust lap  was  equal  to  the  steam  lap,  the  exhaust  port  would  be  closed 
at  the  same  time  as  the  steam-port,  which  would  cause  excessive  cush- 
ioning. If,  on  the  contrary,  there  was  no  exhaust  lap,  the  exhaust- 
port  would  be  open  long  before  the  steam-port,  and,  consequently, 
before  the  piston  had  arrived  at  the  end  of  its  stroke.  The  loss  due 
to  this  too  early  release  of  the  steam  is  more  serious  than  that  due  to 
cusliioning,  for  it  is  all  a  loss  of  power  ;  whereas  the  compressed  vapor 
partially  or  :>holly  fills  the  port  and  clearance  which  would,  otherwise, 
have  to  be  supplied  with  fresh  steam  from  the  boiler.  In  fact,  if  the 
expansion  were  carried  down  to  the  back-pressure,  there  would  be  no 
loss  of  economic  effect  by  the  cushioning,  however  excessive.  The  best 
reliitive  proportion  which  these  two  losses  should  bear  to  each  other, 
is,  evidently,  that  in  which  the  sum  of  the  two  would  be  a  minimum. 
This  could  be  easily  determined  by  means  of  the  differential  calculus 
if  the  curve  traced  on  the  indicator  card  by  the  escaping  steam,  and 
which  is  dependent  on  the  proportion  between  the  valve-opening  and 
the  cylinder  capacity,  and  the  speed  of  the  piston  between  the  point 
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of  release  and  the  end  of  its  stroke,  could  be  known,  and  if  the  com- 
pressed vapor  followed  Mariotte's  or  any  known  law ;  but  as  the  ex- 
haustino-  curve  cannot  be  easily  determined,  and  as  the  required  con- 
dition is  never  fulfilled  by  the  cushioning  steam,  accurate  calculation 
is  out  of  the  question.  It  should  be  remembered,  however,  that  the  valve 
should  open  long  enough  before  the  end  of  the  stroke  to  allow  the 
piston  to  commence  its  return  stroke  with  the  maximum  vacuum,  and 
that  the  cushioning  is  not  perceptible  on  the  indicator  card  until  some 
time  after  the  exhaust-port  is  actually  closed,  owing  to  the  rapid  con- 
densation of  the  compressed  vapor  ;  and  were  it  not  for  the  atmospheric 
air  mixed  with  the  steam  in  the  cylinder,  the  cushion  curve  would  be 
much  less  than  it  is  actually  found  to  be,  and  a  much  earlier  closing 
of  the  exhaust  would  be  practicable.  The  problem  is  also  affected  by 
the  absolute  amount  of  back  pressure  ;  but  it  is  found,  from  the  inspec- 
tion of  a  large  number  of  indicator  cards,  that  the  most  satisfactory 
diac^rams  are  obtained  when  the  exhaust  lap  is  about  one-half  the 
steam  lap. 

In  order  to  find  the  distance  of  the  piston  from  the  end  of  the  stroke 
at  the  time  the  communication  with  the  condenser  is  cutoff,  it  will  be 
necessary  to  find  the  angle  previously  passed  through  by  the  crank  or 
the  centre  of  eccentric.  This  angle  is  composed  of  the  angle,  ucu\ 
throuc'h  which  the  centre  of  the  eccentric  passed  before  the  steam 
"was  cut  off,  and  the  angle,  u'civ,  due  to  the  difference  between  the 
steam  and  exhaust  lap.  As  these  angles  are  measured  by  their  cosines 
on  the  line  ab,  we  must  suppose  the  angle  ucw  to  be  made  up  of  the 
anf^les  ucd  and  dciu.  Let  6'=the  angle  ucw,  a;'=the  exhaust  lap,  and 
(,:=R — K  cos  ^— the  distance  of  the  piston  from  the  end  of  the  stroke, 

then  cos  ^=cos|  cos-^fr  cos  7^—  -— (a;— x')j-f-co3-Vcos  5  +  ^) 

3        I 

but  r  cos  ;5  — n  ==  *^®  ^^P  0^  *^^  steam  side  =  a;; 

,*.  cos  ^=cos(  cos~^  — h  cos-^ )  and 

\  r  r     ) 

I         ,x',          ,  x-\-l  \  ,„, 

C=R — Rcosfcos"^ — i-cos~^ -I         .         ,       (8) 

x' 
It  will  be  observed,  that  if  the  quantity  —  is  negative,   the  arc  of 

•which  it  is  the  cosine  must  be  subtracted  from  180°. 

To  find  the  distance  of  the  piston  from  the  end  of  the  stroke  at  the 
time  the  steam  is  allowed  to  escape  into  the  condenser,  let  d^  =  the 
angle  passed  through  by  the  crank,  and  e=R — R  cos  ^'=the  required 
distance.  The  angle  0'  will  be  equal  to  180°  minus  the  angle,  w'cu"^  due 
to  the  difference  between  the  steam  and  exhaust  lap,  and  we  may  suppose 
it  to  be  composed  of  the  three  angles  ucd,  bcd=90°,  and  DCi*",  then 

co3^'=cos    sin-Mrcos^' — ,5- — (a;— a;')J4-90°-|-cos-Xr  cos^-f -) 
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or,  substituting  the  value  of  r  cos  .7  — -^  as  before, 

cos  e'=  cos(  sin— ^  — [-90°H"  cos~^— "^  ) 
and 

sin-i-  H-90°-|-cos-i  — )         .  .         (9j 

r  r    I 

These  two  values,  c  and  e  will  give  the  mean  points  of  cushioning 
and  exhausting.  As  the  obliquity  of  the  eccentric-rod  will  slightly 
affect  these  values,  tiie  result  will  be  still  more  accurate,  if,  in  (7),  we 
subtract  v  from  x'  for  the  outward  stroke  and  add  v  to  x'  for  the  in- 
ward stroke,  and  in  (8)  add  v  to  a;'  for  the  outward  stroke  and  subtract 
it  for  the  inward  stroke.  The  reason  for  this  will  become  apparent  by 
inspecting  the  diagram.     The  equations  will  now  become 


=R — u  cos[ 


and 


e  = 


r  I  ^' y  X-^    li\  I 

II — Kcosfcos"^^ f- cos~^ — '-  joutward  stroke 

]  \  r  r    J  \ 

I   II — R  cos  (  cos""^ f-  cos~^ j  inward  stroke, 

C  I  x'4-v  x-hl\  ^ 

R — R cos [  sin-* 1- 90°  +  cos~^ — joutward  stroke 

\  \  r  r    )  . 


(10] 


\  (  2^1 y  x—l\   .  I 

R — R  cos  (sin"* 1"  90°+ cos~*"    '— 1  inward  stroke 

By  substituting  the  value  of  2r — c  or  2r — e  for  L  in  (7),  the  value 
of  s  may  be  found  for  <?  or  g  ;  then  c  —  %  and  e — «  will  be  the  true 
points  for  the  outward  stroke,  and  c  +  «  and  e  +  «  the  true  points  for 
the  inward  stroke. 

The  manner  of  proceeding  to  design  a  slide-valve  will  then  be  as 
follows : — 

1st,  After  having  determined  the  width  of  the  steam-port  opening 
and  the  point  of  cutting  off,  find  the  approximate  radius  of  the  ecccn- 
trie  by  (2). 

2(1,  Determine,  as  nearly  as  possible,  the  length  of  the  eccentric-rod, 
and  find  by  (5)  the  value  of  the  versed  sine  of  the  angle  which  it  forms 
with  the  horizontal  line  when  the  valve  is  on  the  point  of  opening. 

3d,  Assume  the  amount  of  lead  desired,  and  then  find  the  true  radius 
of  the  eccentric  by  (4). 

4th,  Find  the  lap  by  (6). 

5th,  Assume  the  amount  of  exhaust  lap,  and  determine  the  mean 
points  cushioning  and  exhausting  by  (8)  an<l  (l>).  If  these  are  not 
satisfactory,  the  exhaust  lap  may  be  varied  until  they  are. 

If  it  is  desired  to  construct  an  indicator  card,  or  if  the  actual  points 
of  cutting  off,  cushioning  and  exhausting  are  required  for  each  stroke, 
the  values  of  c  and  e  can  be  determined  from  (10)  and  (11),  and  the 
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variation  caused  by  tlie  obliquity  of  the  connecting-rod  can  be  calcu- 
lated from  (7)  by  substituting  for  l  the  previously  found  mean  distance 
of  both  strokes,  passed  over  by  the  piston  in  reaching  the  point  in 
question.  These  variations  must  be  added  to  the  distances  from  the 
commencement  of  the  stroke,  already  found,  for  the  outward  stroke, 
and  subtracted  for  the  inward  stroke. 

Equations  (8),  (9),  (10),  and  (11)  might  be  transformed  so  that  they 
could  be  worked  without  the  aid  of  a  table  of  natural  sines,  but  they 
are  now  in  their  simplest  form. 

The  diagram  shows  a  method  of  ascertaining  all  the  required  values 
geometrically,  after  the  radius  of  the  eccentric  and  the  lap  of  the  valve 
are  found. 

It  is  practically  desirable  to  keep  the  stroke  of  the  valve  as  small 
as  possible,  and  it  is  principally  for  this  reason  that  the  obliquity  of 
the  eccentric-rod  has  been  taken  into  account.  For  the  same  purpose, 
the  steam-ports  should  be  made  as  narrow  as  possible,  the  requisite 
area  being  made  up  by  length.  This  will  cause  more  resistance  to  the 
passage  of  the  steam,  but  the  area  can  be  slightly  increased  to  com- 
pensate it. 

As  the  steam  is  not  required  to  enter  the  cylinder  as  quickly  as  it 
should  leave  it,  the  steam  side  of  the  valve  should  only  uncover  about 
three-fourths  of  the  width  of  the  port.  The  exhaust  side  should  always 
give  the  full  opening,  which  it  will  do  if  the  exhaust  lap  is  properly 
proportioned  to  the  steam  lap.  The  opening  of  the  port  on  the  steam 
side  of  the  valve,  is  what  must  be  used  with  the  foregoing  formulas. 
A  good  rule  for  finding  the  area,  in  square  inches,  of  the  steam-port, 
is,  to  multiply  the  square  of  the  diameter  of  the  cylinder,  in  inches, 
by  the  velocity  of  the  piston  in  feet  per  minute,  and  divide  by  4000. 

It  might,  also,  be  observed,  that  the  length  of  the  link,  from  centre 
to  centre,  should  be  at  least  three  times  the  stroke  of  the  valve,  and 
that  the  best  radius  for  its  centre  line  is  the  distance  from  the  centre 
of  the  pin  to  the  centre  of  the  eccentric. 

To  show  more  plainly  the  method  of  computation,  it  is  deemed  ex- 
pedient to  subjoin  the  following 

Example.  The  stroke  of  the  steam  piston  of  an  engine  is  12  inches; 
the  mean  point  of  cutting  off  8  inches  from  the  commencement ;  the 
^yidth  of  the  steam-port  ^-inch  ;  the  length  of  the  connecting-rod  30 
inches  ;  the  lead  ^-inch  ;  the  length  of  the  eccentric-rod  20  inches,  and 
the  proposed  exhaust  lap  one-half  the  steam  lap.  Required  the  radius 
of  the  eccentric ;  the  lap  of  the  valve  ;  and  the  points  of  cutting  off, 
cushioning,  and  exhausting,  for  both  strokes  of  the  piston. 

=  1-183= approximate  radius  of  eccentric,        .         (2) 


■J 


12  — 
12" 


20 120^ oXl'loo  __  .024=versed  sine  of  arc  of  eccentric-rod  (5) 
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.5_.0625+-024 


'12—8 


1-0019  ^^  true  radius  of  eccentric,        .         .     (4) 


■^12 


1-0010  ^    12  ^  —  '^625  -  -SGTO^lap,  .  .  .      (6) 

c      r        (      _i -2839  — -024,  j-5670+-12r>  \     ^      . 

(7G°  14'  +  G0°  37')=6  — 6  cos  126°  51'=  G  —  GX -5997-- 2-4  =  cush- 
ion for  outward  stroke  independent  of  connecting-rod,  .  (10) 
.      .       /      _,-2839f-024^       _, -50794- -120  \     ^     .       .^_^_, 

0-6COS(COS    '— i,y<jiy-   +C03    ^  -  ^.^.^^y-  j^6-6  COS  ( .  3°  3. ' 

4-50°  37')--C  — Gcos  124°  14'=G  — 6x  •5G25=-2-62=  cushion  for 

inward  stroke  independent  of  connecting-rod,  .  .         (10) 

.  ^  /  .  _, -28394- -024  ,  ^.3  ,  _i-5G794-125  .  ^  ,^.^ 
C— G  cos^^  sin  1  -  i.y9i9  -  -f^90°4-co3-»  — j.^y^.j  -  =0— G  cos  (16° 

23'4-90°4-50°  37')--6— G  cos  157°=6— 6X-9205=-477=exhau3t  for 
outward  stroke  independent  of  connecting-rod,         .  .         (11) 

^       ..        /.       -2839— -024,0^0  ,  ,-5G794--125      ^       ^, 

G  -  b  cos  (sm-       ^.^,j^.^ +90°  4-  cos-  -y.^^  =  G  -  0  cos 

(13^  46'+90H50°  370-  6  —  G  cos  154°  23'-=  G  —  GX-9017---589= 
exhaust  for  inward  stroke  independent  of  connecting-rod,       .       (11) 
30  — 1/30=«  --  [G*  —  (G  —  8)*]==  '538  =  variation  in  cut-off  caused  by 
connecting-rod,  .  .  .  .  .  .         (7) 

30  — |/3o- —  [6-  —  (G  —  y -49)*]=  '4  ="  variation  in  cushion  caused  by 
connecting-rod,  ......         (7) 

30  — 1/302 [t5* ^t) 11-47)^]=  '11  =  variation  in  exhaust  caused 

by  connecting-rod,      .  .  .  .  .  .         (7) 

Answer: — Radius  of  eccentric,  1-09  inch  ;  lap  of  valve,  -56  inch; 
point  of  cutting  off  on  outwanl  stroke,  84- '538  ^=  8-538  inches  from 
coiniiienecment ;  point  of  cutting  off  on  inward  stroke,  8  —  •i)'-M=^ 
7-4G2  inches  from  commencement ;  cushion  on  outward  stroke,  2-4 — -4 
^^2  inches  from  end  ;  cushion  on  inward  stroke,  2-G2H--4  -  3-02  inches 
from  end  ;  exhaust  on  outward  stroke,  -477 — -11  — -3G7  incli  from  end  \ 
exhaust  on  inward  stroke,  -589-|--ll==-G99  inch  from  end. 

21» 
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Fig.  3,  constructed  from  these  dimensions,  represents  the  indicator 
diagram  that  would  be  given  by  an  engine  having  proportions  accord- 
ing to  this  example. 


.-8.S38-- ■*. 


These  computations  can  be  made  in  an  hour,  and  the  results  will 
be  more  accurate  than  can  be  obtained  by  an  expensive  wooden  model. 

Navy  Department,  Washington,  Sept,  5th,  1861, 


For  the  Journal  of  the  Franklin  Institute. 


The  Tunnel  to  Supply  the  City  of  Chicago  luith  Water. 
Mr,  Editor  : — 

I  had  the  pleasure  a  few  days  since  of  visiting  the  Chicago  Tun- 
nel, which  is  intended  to  supply  the  city  with  water.  The  public  may 
be  pleased  to  know  that  it  is  progressing  very  favorably.  I  descended 
the  land  shaft  and  passed  along  the  tunnel  about  600  feet,  to  where 
the  miners  were  at  work.  The  earth  which  they  were  removing  was 
a  very  stiff  clay.  The  soil  thus  far  has  been  the  very  best  kind  for 
securing  permanency  of  the  work.  The  tunnel  is  nearly  circular,  the 
horizontal  diameter  being  5  feet  and  the  vertical  5  feet  2  inches.  It 
■will  be  two  miles  long  when  completed.  The  vertical  shaft  is  nearly 
seventy  feet  deep.  Thirty  feet  of  the  upper  end  is  protected  by  cast 
iron  cylinders  which  are  seven  feet  in  diameter.  The  remaining  forty 
feet  passes  through  clay  and  is  bricked. 

"When  worked  to  its  utmost  capacity  it  is  thought  that  it  might  sup- 
ply 1,000,000  inhabitants.  According  to  contract  it  is  to  be  com- 
pleted by  November  1st,  1865.  D.  v.  w. 
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Proceedings  of  the  Association  for  the  Prevention  of  Steam  Boiler 

Explosions,  Manchester. 

[Report  of  Chief  Engineer,  ^ilay  2, 1864.] 

From  the  Lond.  Practical  Mechanic's  Journal,  May,  1864. 

During  the  last  month  311  engines  have  been  examined  and  418 
boilers,  20  of  the  latter  being  examined  specially,  and  4  of  them  tested 
vith  hydraulic  pressure.     Of  the  418  boiler  examinations,  333  have 
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been  external,  11  internal,  and  74  thorough.  In  the  boilers  examined, 
255  defects  have  been  discovered,  4  of  them  being  dangerous.  Details 
of  these  will  be  found  in  tlie  following  statement. 

Furnaces  out  of  shape  4  (1  dangerous)  ;  fracture  G  (2  dangerous) ; 
blistered  plates  6  ;  corrosion  24  ;  grooving-internal  5  ;  external  G  ;  feed 
apparatus  out  of  order,  G  ;  water  gauges  ditto,  14  ;  blow-out  apparatus 
ditto,  IG  ;  fusible  plugs  ditto,  1;  safety  valve  ditto,  2  ;  pressure  gauges 
ditto,  18;  without  water  gauges  ditto,  3;  ditto  pressure  gauges,  o'J  ; 
blow-out  apparatus,  3o  ;  ditto  feed  back  pressure  valves,  G8 ;  cases  of 
over-pressure,  1  (dangerous)  ;  deficiency  of  water,  1. 

Of  some  of  the  defects  enumerated  above,  a  few  particulars  may  be 
given  :— 

Furnace  plates  out  of  shape. — One  of  these  cases  occurred  to  an 
intenially-fired  boiler,  simply  from  the  want  of  strengthening  hoops, 
and  another  to  a  boiler  externally-fired,  and  of  the  class  termed  French 
or  Elephant,  having  two  horizontal  tubes  of  2  feet  diameter,  complete- 
ly filled  with  water,  and  set  immediately  over  the  fire,  and  one  upper 
cylinder  of  4  feet  6  inches  diameter,  partly  filled  with  water  and  jtart- 
ly  filled  with  steam,  connected  to  the  two  lower  ones.  One  of  these 
lower  tubes  gave  way  over  the  fire,  the  plate  bulging  downwards  into 
a  cup-shape,  and  the  metal,  which  was  originally  three-eighths  of  an 
inch  in  thickness,  being  wasted  away  to  three-sixteenths.  The  feed 
water  was  very  sedimentary,  and  in  this  construction  of  boiler,  as  in- 
deed in  all  those  fired  underneath,  the  sediment  is  apt  to  lodge  in  the 
most  dangerous  part,  viz. — immediately  over  the  fire.  Instances  of 
the  danger  attending  the  plan  of  external  firing  are  constantly  occur- 
ring. 

It  may  be  added  that  the  plates  of  the  lower  cylinders  in  these  Ele- 
phant boilers  frequently  become  burnt  away,  in  consequence  of  the 
steam  being  confined  in  the  lower  chamber,  through  imperfect  circu- 
lation of  the  water.  Also  these  boilers  are  extravagant  in  their  consump- 
tion of  fuel,  and  very  dependent  on  the  integrity  of  their  brick-work 
setting,  which  is  found  to  be  a  frequent  source  of  trouble  and  expense; 
while  the  arrangement  of  fittings,  such  as  water-gauges,  &c.,  is  com- 
plicated and  inconvenient. 

Fracture. — One  of  these  cases  occurred  to  an  internally-fired  double- 
story  boiler,  somewhat  similar  in  construction  to  those  of  the  Elephant 
class,  with  the  exception  that  it  had  but  one  cylinder  or  trunk  beneath 
the  main  chamber  instead  of  two,  while  that  was  internally  instead  of 
externally-fired.  The  fracture  took  place  at  a  transverse  seam  of 
rivets  at  the  crown  of  the  furnace  immediately  over  the  fire,  the  plates 
being  buckled  out  of  shape,  and  the  rivets  shorn  through.  It  would 
appear  that  this  injury  arose  from  two  causes.  First: — Compression 
due  to  the  expansion  of  the  plates,  consequent  on  their  over-heatin*' 
from  the  imperfect  circulation  of  the  water,  to  which  these  double- 
story  boilers  arc  always  liable.  Second: — Contraction,  consequent 
on  the  injudicious  practice  of  cooling  the  boilers  too  rapidly  for  clean- 
ing, by  the  introduction  of  cold  water.    This  plan  of  suddenly  cooling 
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hot  boilers  with  cold  water  cannot  be  too  carefully  avoided.     Few 
practices  convert  a  new  boiler  into  an  old  one  more  rapidly. 

A  second  case  occurred  to  a  boiler  only  recently  placed  under  the 
charge  of  the  Association,  which  was  of  the  ordinary  "Lancashire" 
construction,  internally-fired,  and  set  upon  a  raid-feather,  and  had 
failed  at  the  transverse  seams  at  the  bottom  of  the  shell,  the  fracture 
being  what  is  commonly  termed  "seam-rending."  In  consequence  of 
this,  the  boiler,  although  a  new  one,  had  been  frequently  repaired,  in 
addition  to  being  re-bottomed,  and  upwards  of  £200  expended  upon 
it  in  little  more  than  a  year.  These  repairs,  however,  were  ineffec- 
tual, the  "seam-rending"  recurring  immediately  on  the  boiler  being 
set  to  work.  This  was  due  to  the  injudicious  manner  in  which  the 
feed-water  was  introduced,  viz :  at  the  opening  for  the  blow-out  at  the 
bottom  of  the  boiler.  The  simple  heating  of  the  feed,  or  its  introduc- 
tion near  the  surface  of  the  water,  through  an  internal  perforated 
pipe,  so  as  to  disperse  it  and  prevent  its  lying  in  a  dead  mass  along 
the  bottom  of  the  boiler,  would  have  prevented  the  injury. 

Grooving :  Internal.  —Two  cases  of  serious  grooving  or  channeling 
have  been  met  with  at  the  flat  crown  plates  of  steam  domes,  conse- 
quent on  their  frequent  buckling.  A  source,  frequently  of  inconve- 
nience, and  sometimes  of  danger,  would  be  avoided  by  dispensing  with 
steam  domes  altogether. 

Grooving:  Uzternal. — Six  cases  have  been  met  with  during  the 
past  month  which  occurred  at  the  bottom  of  multitubular  boilers,  from 
the  leakage  of  the  transverse  seams.  This  leakage  was  due  to  the 
unequal  contraction  of  the  plates,  produced  by  the  imperfect  circula- 
tion of  the  water  in  these  boilers.  Some  of  these  channels  were  eaten 
nearly  through  the  plate. 

Cases  of  Deficiency  of  Water. — One  met  with  during  the  last  month 
"Was  due  to  the  watchman's  keeping  up  the  fires  within  the  boiler  with- 
out noticing  that  the  water  was  out  of  sight  in  the  gauge-glass.  It 
appears  that  the  boiler  lost  its  water  through  leakage  at  the  back 
pressure-valve.  Owing,  however,  to  the  inlet  being  nearly  as  high  as 
the  furnace  crowns,  the  damage  done  to  them  was  but  trifling.  \Vher«> 
the  feed  is  introduced  a  little  above  the  level  of  the  furnace  crowns, 
they  cannot  be  laid  bare  by  the  water  either  being  drained  or  syphon- 
ed out. 

Another  case  of  deficiency  of  water,  which  occurred  a  short  time 
eiace,  arose  from  the  failure  of  the  sough,  into  which  the  waste  pipe 
for  the  blow-out  at  the  bottom  of  the  boiler  discharged.  On  the  at- 
tendant's opening  the  blow-out,  the  brick-work  blew  up,  and  he  was 
unable  to  get  within  reach  to  close  the  tap,  so  that  the  furnace  crowns 
were  laid  bare  and  became  overheated.  In  consequence,  however, 
of  the  boiler  being  fitted  with  a  low-water  safety-valve  which  let  off 
the  pressure  of  the  steam  on  the  water's  falling  below  the  proper  level 
the  injury  to  the  furnace  crowns  was  very  trifling.  Had  blowing-out 
from  the  surface  of  the  water  feeen  adopted  instead  of  from  the  bottom, 
the  furnace  crowns  could  not  have  been  laid  bare. 
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These  two  cases  of  injury  afford  an  illustration  of  the  advantage  of 
the  plan  recommended  by  the  Association  of  introducing  the  feed,  as 
well  as  blowing-out,  at  the  surface  of  the  water,  and  it  is  thought  that 
it  would  be  well  were  this  arrangement  generally  adopted. 

Uxplosions. — No.  5  Explusion — the  consideration  of  which  was  de- 
ferred from  the  last  to  the  present  report — was  of  a  very  serious  char- 
acter, resulting  in  the  death  of  13  persons,  and  in  injury,  in  some 
cases,  very  severe  to  10  others.  It  took  place  at  an  iron  works,  the 
boilers  of  which  were  not  under  the  charge  of  this  Association. 

The  explosion  was  compound,  two  boilers  exploding  together.  These 
compound  explosions,  though  remarkable,  are  not  singular,  and  par- 
ticulars of  two  have  already  been  given  in  previous  monthly  reports. 

In  the  present  instance  the  series  consisted  of  seven,  in  communi- 
cation one  with  the  other,  and  extended  from  west  to  east,  the  boilers 
themselves  lying  north  and  south,  having  their  furnaces  at  the  south 
end,  and  the  chimney  at  the  north.  At  the  west  end  of  the  series 
stood  the  engine-house,  close  to  which  No.  1  boiler  lay,  and  it  was 
No.  1  and  No.  2  that  exploded.  All  the  boilers  were  extern.illy-lired, 
No.  6  and  No.  7  beinf;  of  plain  cylindrical  egg-ended  construction, 
and  the  remainder  including  the  exploded  ones,  being  cylindrical  in 
the  shell,  with  one  flue  tube,  and  having  rounded  ends,  not  truly 
hemispherical,  but  such  as  arc  known  in  the  district  by  the  term  of 
"bull-dog."  The  boilers  were  set  upon  mid-feathers,  and  fired  under- 
neath, the  flames  passing  in  the  first  instance  along  the  left-hand  side 
of  the  wall,  then  returning  on  the  other,  and  finally  passing  through 
the  internal  Hue  tube  to  the  chimney. 

The  rents  in  both  the  exploded  boilers  had  taken  place  at  the  fur- 
nace or  south  end,  and  a  portion  of  the  shell  containing  three  or  four 
rings  of  plates  had  severed  itself  in  each  instance  from  the  remainder. 
The  n^ain  portion  of  the  shcll.s  had  flown  northward,  that  of  No.  2  to 
a  distance  of  80  yards,  and  that  of  No.  1  to  30  yards.  The  former 
had  fallen  beyond  the  works,  but  the  latter  immeiliately  upon  one  of 
the  puddling  furnaces,  knocking  down  tlie  chimney,  and  demolishing 
the  roof  of  the  building.  A  fragment  of  the  firing  end  of  No.  1  had 
been  thrown  in  a  north-easterly  direction  to  a  distance  of  130  yards. 
The  engine-house,  a  massive  stone  building,  three  stories  high,  adjoin- 
ing No.  1  boiler  was  unroofed,  the  whole  of  one  side  thrown  down, 
and  the  remaining  walls  bulged  and  shaken.  The  bed  of  the  boilers 
was  completely  torn  up,  and  bricks  and  pieces  of  stone  scattereil  in 
every  direction.  From  these  missiles  many  of  the  deaths  occurred. 
One  at  a  distance  of  about  105  yards,  another  at  80  yards,  a  third 
at  seventy  yards,  and  a  fourth  at  30  yards  ;  while  one  person,  though 
fortunately  not  killeil,  was  struck  and  seriously  hurt  when  standing 
100  yards  oft' ;  and  I  observed  an  edge  stone,  which,  though  it  had 
fallen  at  a  distance  of  200  yards  from  the  boilers,  had  yet  cut  its  way 
into  the  ground  with  sufficient  force  to  have  killed  any  one  it  had 
struck.  Those  injured  by  the  flight  of  the  boilers  themselves  were 
comparatively  few  ;  while  as  many  as  six  men  were  killed  in  the  en- 
gine-house, by  the  steam  and  hot-water  that  played  iu  upon  them, 
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from  the  boilers  remaining  at  work,  after  the  explosion  of  Nos.  1 
and  2,  although  the  intervening  steam  pipe  for  a  length  of  about  40 
feet  had  been  carried  away. 

Destructive  and  complicated  as  the  results  of  the  explosion  were, 
the  cause  is  very  simple,  as  indeed  it  is  in  every  case. 

It  appears  that  the  water  with  which  the  boilers  were  fed  was  highly 
corrosive,  a  portion  of  it  being  derived  from  some  coal  workings  a 
short  distance  up  the  valley  in  which  the  iron  works  were  situated. 
This  water  had  eaten  into  the  surface  of  the  plate  in  a  most  re- 
markable manner,  and  I  have  never  seen  any  so  severely  affected.  A 
considerable  portion  of  the  inside  of  the  boilers,  presented  an  appear- 
ance very  similar  to  a  honey-comb,  the  cells  running  closely  one  into 
another,  and  in  many  cases  penetrating  so  deeply  into  the  body  of 
the  plate  as  only  to  leave  a  mere  film  of  metal  about  one-sixteenth  of 
an  inch  thick.  The  corrosive  action  was  specially  active  at  the  over- 
laps, where  it  eat  away  a  deep  channel,  completely  undermining  the 
edge  of  the  plate,  and  in  some  cases  penetrating  as  far  as  the  body 
of  the  rivet.  This  channeling  was  quite  independent  of  mechanical 
action,  being  as  severe  at  the  transverse  as  at  the  longitudinal  seams. 
The  plates  which  were  most  affected  by  this  corrosive  action  were 
those  nearly  over  the  fire-bridge  at  the  bottom  of  the  boiler,  and  in 
the  vicinity  of  the  feed-inlet.  Those  on  the  left-hand  side  of  the  mid- 
feather  wall,  were  more  severely  attacked  than  those  on  the  right,  in 
consequence,  as  it  would  appear,  of  the  higher  temperature,  since  the 
flames  from  the  furnace  passed  on  that  side  in  the  first  instance.  The 
intensity  of  the  action  diminished  towards  the  back  end  of  the  boilers, 
and  its  effect  upon  No.  1  did  not  appear  to  be  precisely  similar  to  that 
on  No.  2,  the  latter  being  deeply  honey-combed,  and  the  former  eaten 
away  more  evenly.  In  No.  2  there  could  not  have  been  less  than  50 
square  feet  of  honey-combed  surface. 

With  regard  to  the  compound  nature  of  the  explosion:  That  the 
boilers  did  not  burst  simultaneously,  but  that  the  explosion  of  one 
caused  that  of  the  other,  is  attested  by  the  fact  that  those  at  the 
various  works  at  the  time  heard  two  distinct  reports.  The  primary 
rent,  it  appears,  was  at  a  longitudinal  channel  immediately  over  the  fire 
at  the  bottom  of  No.  1,  the  edge  of  the  plate  at  this  fracture  for  a 
length  of  some  feet  being  reduced  to  a  knife-edge  This  rent  extend- 
ed longitudinally  throughout  the  first  two  or  three  rings  of  plate,  and 
then  assumed  at  the  adjoining  ring  seam  of  rivets,  a  transverse  direc- 
tion running  completely  round  the  circle. 

For  the  present  month,  3  explosions  have  to  be  reported,  from 
"which  15  lives  have  been  lost,  and  also  25  persons  injured.  Not  one 
of  the  boilers  was  under  the  charge  of  this  Association.  The  scene 
of  the  explosion  has  been  personally  visited  in  each  case,  and  the 
cause  investigated. 

No.  6  Explosion  was  of  a  very  fatal  character,  twelve  persons  being 
killed,  and  nineteen  others  injured.  It  occurred  at  an  iron  works,  the 
boilers  of  which  were  not  under  the  inspection  of  this  Association. 
The  exploded  boiler  was  of  the  vertical  furnace  class,  and  heated  by 
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the  flames  passing  off  from  three  iron  furnaces.  These  flames  played 
in  the  first  instance  on  the  outside  of  tlie  hoiler,  then  passed  throufrh 
three  neck-openings  into  a  central  internal  descending  flue,  and  thence 
by  means  of  a  culvert  to  the  chimney. 

No.  7  Explosion,  which  resulted  in  the  death  of  one  person  and  in 
injury  to  six  others,  occurred  at  a  saw-mill,  and  was  due  to  the  col- 
lapse of  a  furnace  flue,  and  is  an  illustration  of  the  necessity  of 
strengthening  all  such  flues  with  hoops  or  other  suitable  means. 

The  boiler  which  was  not  under  the  inspection  of  this  Association, 
was  of  Cornish  construction,  20  ft.  in  length,  and  about  4  ft.  6  ins. 
diameter  in  the  shell.  The  furnace  tube  was  slightly  oval,  very  likely 
unintentionally  so,  through  imperfect  workmanship,  and  measured  at 
the  furnace  mouth  2ft.  Gins,  vertically,  and  2  ft.  4^  ins.  horizontally. 
The  thickness  of  the  plates  in  the  shell  was  three-eighths,  and  in  the 
furnace  tube  five-sixteenths  of  an  inch. 

The  furnace  tube  had  collapsed  from  the  fire-bridge  to  the  end  of 
the  boiler.  These  tubes  usually  collapse  vertically  the  crown  coming 
down,  but  in  this  case  the  movement  had  been  horizontal,  the  two 
sides  coming  together.  The  fire-bridge  had  arrested  the  collapse  at 
that  part,  and  the  crown-plates  at  the  furnace  end,  which  showed  no 
signs  of  having  been  overheated,  remained  uninjured.  The  tube  had 
severed  at  one  of  the  ring  seams  of  rivets  midway  between  the  fire- 
bridge and  the  end  of  the  boiler,  and  the  back  end  plate  had  been 
torn  away  from  the  shell ;  while  the  main  portion  of  the  boiler  was 
thrown  forwards  across  the  stoke-hole,  and  the  fragments  blown  in 
the  opposite  direction. 

The  damage  done  to  the  surrounding  property  was  considerable, 
not  so  much  perhaps  from  the  peculiar  violence  of  the  explosion,  as 
from  the  fact  of  the  boiler  being  surrounded  by  buildings,  many  of 
which  were  dwellings.  The  works  in  which  the  explosion  took  place 
were  leveled  to  the  ground  and  reduced  to  a  heap  of  ruins,  while  the 
surrounding  houses  were  so  damaged  that  they  presented  the  appear- 
ance of  having  been  bombarded,  and  some  of  them  it  is  reported,  had 
to  be  condemned  on  the  following  day,  by  the  district  surveyor,  on 
account  of  their  dangerous  condition. 

No.  8  Explosion,  which  resulted  in  the  loss  of  two  lives,  afford  an 
additional  illustration  of  the  danger  so  often  pointed  out  in  these  re- 
ports, as  attendant  upon  the  use  of  externally-fired  boilers,  especially 
when  they  are  fed  with  sedimentary  water  and  not  provided  with  dli- 
cient  blow-out  apparatus. 

The  explosion  occurred  M  an  iron  works,  the  boilers  of  which  were 
not  under  the  inspection  of  this  Association.  The  boiler  in  question 
was  No.  3  in  a  series  of  eight,  working  side  by  side,  and  connected 
together  both  by  the  steam  pipe  and  feed  pipe.  They  were  of  plain 
cylindrical  egg-ended  construction,  externally-fired,  and  set  with  a 
flash  flue:  their  length  being  40  ft.,  their  diameter  0  ft.,  and  thickness 
of  plate  three-eighths  of  an  inch. 

The  boiler  gave  way  at  one  of  the  transverse  seams  of  rivets  situ- 
ated about  8  ft.  from  the  front  end,  and  very  near  to  the  fire-bridge. 
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The  rent  commenced  at  the  bottom,  and  then  continued  throughout 
the  entire  circle  of  rivets,  severing  the  shell  completely  into  two  sec- 
tions, which  flew  in  a  straight  line  in  opposite  directions.  Judging 
from  objects  struck  in  its  flight,  the  furnace  end  of  the  shell  must 
have  assumed  a  considerable  angle  of  elevation  immediately  on  quit- 
ting its  seat.  Two  boilers  on  each  side  of  the  exploded  one  were  dis- 
lodged from  their  original  position  and  thrust  laterally.  Had  not  the 
flue  below  them  been  unusually  roomy,  and  thus  afi'orded  considerable 
vent  for  the  steam  and  Avater  which  escaped  from  the  rent,  it  is  more 
than  probable,  that  the  explosion  would  have  spread  to  the  sister 
boilers  as  it  has  done  in  other  cases,  and  perhaps  have  involved  the 
whole  series. 

This  explosion  was  not  due  to  shortness  of  water,  as  an  examina- 
tion of  the  condition  of  the  plates  clearly  showed,  neither  was  it  due 
to  the  excessive  pressure. 

Having  now  given  the  principal  facts  of  the  preceding  explosions, 
a  few  general  remarks,  in  conclusion,  may  not  be  out  of  place. 

It  appears  that,  during  a  period  of  scarcely  three  months, — i.e., 
from  the  commencement  of  the  present  year,  up  to  March  25th,  the 
day  to  which  report  is  made  up,^there  have  occurred  eight  explo- 
sions, from  which  29  persons  have  been  killed,  and  42  others  injured; 
while  five  persons  connected  with  the  management  of  these  boilers 
have  been  committed  for  manslaughter. 

It  cannot  have  escaped  attention  how  extremely  simple  the  cause 
of  all  these  explosions  have  been ;  in  three  cases,  the  choking  of  the 
feed  pipes  through  frost ;  in  two  others,  wasting  of  the  plates  to  the 
thickness  of  a  sheet  of  paper ;  and  in  the  sixth,  the  mal-construction 
of  the  boiler. 

Iron  works  appear  to  maintain  their  position  at  the  head  of  the  list, 
both  for  the  number  and  fatality  of  their  explosions,  and,  under  these 
circumstances,  it  may  not  be  unwise  to  re-consider  the  policy  now 
generally  adopted  at  these  works,  viz  :  that  of  employing  the  more 
primitive  description  of  engineering  arrangements,  in  preference  to 
those  of  modern  character,  and  now  widely  adopted  in  other  branches 
of  industry.  It  is  often  argued  that  the  rough  class  of  labor  obtain- 
able at  iron  works  necessitate  the  continuance  of  primitive  and  rough 
mechanical  appliances;  an  argument,  it  is  thought,  that  admits  of 
question.  True  economy  in  engineering  matters  is  only  to  be  found 
in  the  employment  of  the  best  material  and  workmanship.  The  con- 
tinued use  of  inferior  and  rough  boilers,  tends  to  perpetuate  inferior 
and  rough  workmen  ;  while  on  the  other  hand,  the  use  of  a  superior  de- 
scription, would  stimulate  and  raise  them  ;  and  should  the  statement 
which  is  sometimes  made  be  correct,  that  iron  works  will  not  supply 
workmen  of  the  requisite  stamp,  nothing  could  be  easier  than  to  im- 
port them  from  other  departments  of  engineering.  Where  boilers  of 
a  superior  class  have  been  adopted,  they  have  been  found  to  be  pro- 
ductive of  economy  in  working,  as  well  as  of  human  life,  and  there  can 
be  no  reason  to  doubt  that  these  advantages  would  follow  their  adop- 
tion at  iron  works. 
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On  the  Supposed  JVature  of  Air  prior  to  the  Discovery  of  Oxygen. 
By  GkoU(je  F.  lloDWELL,  F.C.S. 

From  tlio  Loiiilon  Cliemical  Xowh,  Xo«.  214  nnj  215. 
(Continued  from  page  17G.) 

4.  Invention  of  the  Air  Pump. — About  ten  years  after  tlie  fllscovery 
of  the  pressure  of  tlie  air,  Otto  Von  Guericke,*  a  burgomaster  of  Mag- 
(leburgh,  ma'le  a  numlier  of  experiments,  with  a  view  of  obtaining  a 
larger  vacuous  space  than  tliat  which  could  be  procured  by  Torricelli's 
method  ;  for,  although  the  behavior  of  certain  bodies  in  a  vacuum  had 
been  tried  by  introducing  them  into  the  Torricellian  vacuum,  this  mode 
of  experimenting  was  obviously  attended  witii  numerous  difficulties, 
and  but  few  substances  could  be  placed  in  a  vacuum  obtained  by  such 
a  process. 

Guericko  conceived  that  he  could  effect  his  object  by  completely  fill- 
ing a  vessel  with  some  substance  which  could  be  removed  without 
allowing  air  to  take  its  place,  lie,  accordingly,  filled  a  "wooden  cask 
"with  water,  and  fitted  into  it  a  syringe,  all  other  parts  being  closed  as 
securely  as  possible;  he  then  pumped  out  the  water,  expecting  that  a 
vacuum  would  be  produced  in  the  cask,  but  air  readily  entered,  by  the 
crevices,  to  occupy  the  space  which  the  water  left.f 

Having  previously  observed,  however,  that  air  could  be  made  to  ex- 
pand to  any  extent,  he  determined  to  cause  air  to  leave  a  vessel,  in 
virtue  of  that  property,  and  to  prevent  its  return  by  external  means. 
In  order  to  effect  this,  he  took  a  copper  globe,  and  fitted  into  it  a 
syringe ;  when  the  pumping  was  commenced,  the  piston  worked  some- 
what easily,  but  became  more  and  more  difficult  to  raise,  and  in  a  few 
minutes  the  globe  was  compressed  with  a  loud  noise. 

Guericke  next  procured  a  glass  globe,  furnished  with  a  straight 
brass  tube,  containing  a  stop-cock,  by  means  of  which,  free  communi- 
cation with  the  interior  of  the  globe  could  be  established  or  prevented  ; 
to  the  lower  part  of  the  tube,  and  inclined  to  it  at  an  angle  of  40"^,  a 
syringe,  having  a  solid  piston,  was  adapted.  Near  the  lower  end  of 
the  syringe,  a  lateral  valve  opening  outwards  was  placed,  and  at  the 
juncture  of  tlie  syringe  with  the  tube  there  was  a  second  valve,  open- 
ing into  the  syringe.  The  valve  and  stop-cock  were  immersed  in  water 
to  prevent  air  from  leaking  into  the  apparatus. ;J  It  is  obvious  that, 
on  raising  the  jiiston  of  such  an  air-pump,  the  air  in  the  globe  will 
expand,  open  the  lower  valve,  and  escape  into  the  body  of  the  syringe, 
while  the  lateral  valve  will  be  kept  closed  by  the  pressure  of  the  air; 
and,  on  depressing  the  jiiston,  the  lower  valve  will  close,  and  the  lateral 
valve  will  open  to  allow  the  air  in  the  body  of  the  syringe  to  escape. 
A  good  vacuum  could  be  obtained  by  this  instrument,  but  it  required 
a  great  deal  of  pumj)ing  to  produce  it. 

*  Horn,  1G02.     Died,  ICSt). 

f  Soo  "Otlonis  de  Guorioko  Exporimcntn  Novn  (wi  Vocantur)  Magdeburgica  do 
A'licuo  Spatio."     Anigtelodiiini.   UlTlJ. 

1  See  "  Mechanicii  llydraulico  riioumation,"  by  Ciaspar  Schuttus.  1658.  AUo, 
"Tochnicft  Curiosa,'  cr(it'>4),  by  tbe  snmo  autlmr.' 

Vol.  XLVIU.— Tuiai)  Seriks.— 2so.  4.— October,  1864.  22 
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Soon  after  the  invention  of  the  air-pump,  Guericke  constructed  the 
"  Magdeburgh  hemispheres,"  a  full  account  of  which,  Schottus  informs 
us,  was  first  given  to  him  in  July,  1656.  In  Guericke's  "  Experi- 
menta  Nova,"  there  is  a  picture  which  conveys  to  the  mind  a  good 
idea  of  the  enormous  pressure  of  the  air.  In  the  centre  of  this  picture 
we  observe  a  pair  of  large  Magdeburgh  hemispheres,  to  each  of  which 
eight  horses  are  attached,  and,  although  most  evidently  urged  to  their 
uttermost  by  men,  who  flourish  aloft  gigantic  whips,  they  are  unable 
to  effect  the  division  of  the  sphere. 

Among  other  experiments  made  by  Guericke  with  his  air-pump,  we 
may  mention  the  following  : 

1.  A  sparrow  placed  in  the  receiver  died  on  exhausting. 

2.  A  candle  was  extinguished  in  an  exhausted  receiver,  because, 
says  Guericke, /re  consumes  air. 

3.  Water  was  found  to  rise  to  a  great  height  in  an  exhausted  tube, 
and  when  the  exhausted  receiver  of  the  pump  was  opened  under  water, 
■water  violently  entered,  and  almost  filled  it. 

4.  A  vessel  exhausted  of  air  was  found  to  be  considerably  lighter 
than  before  exhaustion. 

5.  A  bell  made  to  ring  in  an  exhausted  receiver  was  inaudible  until 
air  had  been  admitted. 

Kircher*  had  previously  tried  this  experiment  in  the  Torricellian 
vacuum  by  ringing  a  bell,  the  clapper  of  which  was  of  iron,  and  was 
moved  by  the  alternate  approximation  and  withdrawal  of  a  magnet. 
Ivircher  states  that  the  sound  was  distinctly  audible,  from  which  we 
may  infer  that  he  suspended  his  bell  within  the  tube  by  means  of  some 
substance  capable  of  transmitting  the  vibrations  to  the  tube. 

Guericke  did  not  believe  the  air  to  be  elemental,  and  considered  it 
incapable  of  being  converted  into  water. 

The  following  is  his  definition  of  air. 

"Aer  est  nihil  aliud  quam  expiratio  aut  effluvium,  aquarum,  terra- 
rumque,  et  aliarum  rerum  corporearura." 

The  science  of  Pneumatics,  which  took  its  rise  immediately  after  the 
invention  of  the  air-pump,  was  greatly  extended  in  England  by  some 
of  that  band  of  experimental  philosophers  which  arose  shortly  after 
the  death  of  Bacon.  Foremost  in  that  band,  if  not  the  very  leader  of 
it,  was  Robert  Boyle, t  a  man  who,  despising  all  previous  philosophies, 
applied  himself  vigorously  to  carry  out  the  ideas  of  Lord  Bacon.  Boyle 
had  the  greatest  reverence  for  the  "Novum  Organum,"  and  there 
could  not  be  a  mind  better  adapted  than  his  for  putting  in  practice  the 
"new  philosophy."  He  was  the  very  man  that  was  wanted,  at  a  time 
■when  speculative  philosophy,  unaided  by  experiment,  was  being  changed 
for  experimental  philosophy,  aided  by  inductive  reasoning. 

"But  our  hope  of  further  progress  in  the  sciences,"  writes  Bacon, 
in  the  "Novum  Organum, ":};  "  will  then  only  be  well-founded  when 
numerous  experiments  shall  be  received  and  collected  into  natural 

*  Born,  1601.     Died,  1680.  f  Born,  1626.     Died,  1691. 

X  Book  1,  Aph.  99. 
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Listory,  which,  though  of  no  use  in  themselves,  assist  materially  in  the 
discovery  of  causes  and  axioms,  which  experiments  we  have  termed, 
enlightening,  to  distinguish  them  from  those  which  are  profitable. 
They  possess  this  wonderful  property  and  nature,  that  they  never  de- 
ceive or  fail  you  ;  for  being  used  to  discover  the  natural  cause  of  some 
object,  whatever  be  the  result,  they  equally  satisfy  your  aim  by  decid- 
ing the  question." 

Now,  13oyle  was  the  man  to  thus  promote  the  welfare  of  the  sciences  ; 
he  was  not  one  to  cultivate  them  for  profit  to  himself,  or  for  renown, 
but  he  chose  rather  to  study  science  for  the  pure  love  of  the  thing  ;  and 
such  men  only  have  a  right  to  bear  the  title  of  Philosopher,  and  by 
them  alone  is  science  permanently  benefited.  Bacon  was  the  archi- 
tect who  planned  out  a  glorious  structure,  and  Boyle  was  one  of  the 
master-builders  of  his  day  ;  and  he  laid  the  foundation  of  a  part  of  that 
building  so  securely,  that  it  still  endures;  and  although  now  and  then 
%ve  have  to  remove  a  brick  which  has  fallen  to  decay,  we  still  continue 
to  build  on  that  foundation,  and  the  workmen  increase,  and  the  build- 
ing rises  rapidly, — let  us  hope  it  may  be  soon  roofed  in. 

The  writings  of  Boyle  extend  over  a  period  of  thirty  years ;  they 
are  excessively  prolix,  but  with  so  few  previous  experiments  on  most 
of  the  subjects,  it  was  difficult  to  avoid  describing  the  most  trivial 
effects :  we  must  remember,  moreover  that  he  wrote  of  phenomena 
hitherto  almost  unknown  to  the  human  mind,  and  we  must  overlook  the 
tediousness  of  the  accounts  of  his  experiments,  which,  although  they 
appear  very  detail  to  us,  were  probably  not  too  much  so  for  his  con- 
tciiipornries. 

Boyle's  first  work  on  the  air  appeared  in  ]GG1,  and  was  entitled 
*'New  Experiments,  Physico-Mechanical,  Touching  the  Spring  of  the 
Air  and  its  Eff"ccts ;  made  for  the  most  part  in  a  new  Pneumatical 
Ensrine."  The  entire  work  is  written  in  tlie  form  of  a  letter  to  Lord 
Dungarvan,  and  is  dated  December  20, 1651*. 

So  soon  as  Boyle  heard  of  the  invention  of  Otto  Von  Guericke's 
air-pump,  he  determined  to  construct  one  which  should  be  less  cum- 
brous, and  should  not  require  to  be  placed  in  a  vessel  of  water.  He 
mentioned  his  wish  to  his  friends,  Hooke  and  Greatorex,  and,  after 
several  unsuccessful  trials,  Ilooko  made  for  him  an  air-pump  which 
was  considered  to  be  superior  to  Guericke's.  It  consisted  of  a  hollow 
vertical  cylinder  of  cast  brass,  fourteen  inches  long  and  three  inches 
internal  diameter,  the  lower  end  of  which  was  open,  and  the  upper 
closed,  with  the  exception  of  a  small  orifice  in  the  line  of  the  axis  of 
the  cylinder,  and  a  tapering,  lateral  orifice,  into  which  a  brass  stopper, 
serving  as  a  valve,  fitted  air-tight.  A  soliil  piston,  to  which  vertical 
motion  was  given  by  means  of  a  rack  and  pinion,  worked  within  the 
cylinder.  The  receiver*  was  a  glass  globe  capable  of  containing  thirty 
wine  quarts,  fitted  with  a  stop-cock,  the  shank  of  which  was  cemented 
*  No  one  ci\n  have  failotl  to  observe  how  sin^iilarlv  innpplicablc  the  name  of 
"  7'rceirrr  "  is  to  that  part  of  an  air-pump  which  it  i.s  de.-ired  to  (■)nj>t>/  as  completely 
as  possible;  the  name  was  given  by  Bovie,  who,  in  ?]ioakinij  of  the  vessel  to  be  ex- 
liausti-d,  says,  "which  we,  with  the  glass-men,  shall  often  call  a  receiver,  for  iUs 
allinity  to  tUe  large  vessels  of  that  name,  used  by  chemists. '' 
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into  the  upper  orifice  of  the  cylinder;  and  in  that  part  of  the  globe 
opposite  the  stop-cock  there  was  a  circular-lipped  opening  four  inches 
in  diameter,  to  which  a  brass  ring  (diminishing  the  diameter  of  the 
opening  to  three  inches)  was  cemented ;  the  ring  was  closed  by  an 
"exquisitely-ground"  brass  plate,  containing  a  half-inch  circular  ori- 
fice closed  by  a  brass  stopper,  which  could  be  turned,  when  the  receiver 
•was  exhausted,  without  admitting  air.  The  whole  apparatus  was  ar- 
ranged vertically,  so  that  it  Avas  terminated  above  by  the  opening  of 
the  receiver  for  the  introduction  of  bodies  to  be  experimented  upon,  and 
below  by  the  open  orifice  of  the  brass  cylinder. 

Before  commencing  to  exhaust  the  receiver,  the  piston  and  all  the 
joints  were  well  oiled,  the  piston  pushed  to  the  top  of  the  cylinder,  and 
the  stop-cock  and  lateral  valve  closed ;  the  piston  was  then  drawn  to 
the  bottom  of  the  cylinder,  and  the  stop-cock  opened  to  allow  air  to 
rush  from  the  receiver  into  the  vacuous  space  ;  the  stop-cock  was  now 
closed,  the  valve  opened  to  allow  of  the  exit  of  the  air  in  the  body 
of  the  cylinder,  and  the  piston  again  forced  to  the  top  of  the  cylinder  ; 
the  same  process  was  repeated  until  the  receiver  was  exhausted. 

I  do  not  consider  this  first  air-pump  of  Boyle's  by  any  means  so  in- 
genious a  contrivance  as  that  of  Otto  Von  Guericke.  The  arrange- 
ment of  the  apparatus  was  indeed  different,  but  the  method  of  exhaus- 
tion was  the  same,  more  clumsily  effected ;  the  stop-cock  of  Boyle's 
pump  played  the  same  part  as  the  lower  valve  of  Guericke's,  and  the 
lateral  valve  of  the  former  the  same  as  the  lateral  valve  of  the  latter, 
■with  this  disadvantage,  however,  that  the  valves  of  Boyle's  pump  had 
to  be  worked  by  hand,  while  those  of  Guericke's  were  worked  by  the 
air. 

Some  of  the  more  important  of  the  forty-three  experiments  detailed 
in  the  treatise  we  are  considering,  are  given  below : 

In  the  first  experiment  Boyle  explains  by  what  means  the  receiver 
of  his  air-pump  is  exhausted,  and  he  afiirms  that  most  of  the  experi- 
ments Avhich  he  is  about  to  relate  may  be  explained  by  bearing  in 
mind  the  fact,  "  that  there  is  a  spring  or  elastical  power  in  the  air  we 
live  in." 

He  compares  the  air  to  a  fleece  of  wool,  or  a  dry  sponge,*  or  says 
we  may  admit  Des  Cartes'  theory,  that  the  air  is  made  up  of  innumer- 
able flexible  particles,  Avhich  are  so  moved  about  by  the  motion  of  the 
celestial  matter  in  which  they  swim,  that  each  particle  keeps  those 
around  it  at  a  distance.  Boyle  prefers  to  believe  that  the  air  itself 
is  elastic,  rather  than  to  admit  Des  Cartes'  theory. 

The  height  of  the  atmosphere,  according  to  Kepler,  is  only  eight 
miles,  but  Kicciolo  makes  it  probable  that  it  extends  to  a  height  of 
fifty  miles.  "  Can  we  not,  therefore,  well  imagine,"  writes  Boyle,  "that 

*  Hero,  of  Alexandria,  who  was  acquainted  with  the  elasticity^  of  the  air,  com- 
pares it  to  horn  shavings,  or  a  sponge. 

Pascal,  as  we  have  seen  in  the  previous  paper,  compared  the  air  to  wool,  a  favo- 
rite simile  of  Eoyle's  throughout  this  work,  but  whetlier  taken  from  Pascal  or  not 
it  is  difficult  to  say.  Pascal's  treaties  "  On  the  Weight  of  the  Mass  of  Air."  was 
not  published  till  1663,  hut  Boyle  may  have  heard  of  the  comparison  from  some 
onQ  who  had  conversed  with  Pascal. 
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the  weight  of  a  column  of  air  of  such  a  height  will  keep  *  the  little 
springs'  of  the  air  bent,  and  that  when  that  weight  is  removed  they 
will  straighten  themselves. 

Experiment  2.  When  a  stoppered  receiver  was  exhausted  of  air, 
great  force  was  fonml  to  he  necessary  to  remove  the  stopper. 

From  the  length  at  which  this  experiment  is  detailed  it  would  ap- 
pear that  Boyle  had  not  heard  of  the  Magdeburgh  hemispheres,  al- 
though they  ware  invented  several  years  previously. 

Experiment  4.  A  half-blown  bladder  placed  in  the  receiver  became 
fully  expanded  on  exhausting. 

Tliis  experiment  had  been  previously  tried  by  Roberval,  by  intro- 
ducing a  nearly  empty  carp's  bladder  into  the  Torricellian  vacuum. 

Experiment  o.  When  the  exhaustion  was  long-continued  the  blad- 
der burst ;  a  partially-filled  bladiler  also  burst  when  held  near  a  fire. 

Experiment  G.  In  order  to  determine  to  what  extent  a  known 
quantity  of  air  could  be  made  to  expand,  when  pressure  was  removed 
from  it,  Boyle  took  a  phial  containing  four  or  five  drachms,  tie<l  an 
empty  lamb's  bladder  over  its  mouth,  and  placed  it  in  the  air-pump 
receiver  ;  exhaustion  was  continued  until  the  bladder  was  fully  ex- 
panded, and  by  comparing  the  capacities  of  the  phial  and  bladder,  the 
air  was  found  to  have  expanded  to  nine  times  its  original  bulk. 

This  mode  of  experimenting  was  evidently  borrowed  from  Bacon, 
who,  in  the  40th  Aph.  of  Book  2  of  the  "Novum  Organum,"  describes 
an  experiment  which  he  made  in  order  to  determine  the  space  occu- 
pied by  the  vapor  produced  from  a  liquid  occupying  a  known  space; 
in  other  words,  the  ratio  between  the  spaces  occupied  by  a  substance 
when  in  tiie  liquid  and  gaacous  states.  This  experiment,  although  it 
could  only  give  most  fallacious  results,  is  well  worthy  of  record,  inas- 
much as  it  was  made  at  a  time  when  experiments  of  any  kind  were 
rare,  and  quantitative  experiments  most  rare. 

Bacon  filled  an  ounce  phial,  of  known  weight,  with  the  lightest 
liquid  with  which  he  was  acquainted  (spirits  of  wine),  weighed,  to  de- 
termine the  amount  of  spirit  taken,  and  tied  an  empty  bladder,  con- 
taining about  two  pints  when  full,  over  the  mouth  of  the  phial  ;  the 
spirit  was  heated  until  the  bladder  was  fully  expanded,  when  the  heat- 
ing was  discontinued,  the  bladder  pricked  to  allow  the  vapor  to  es- 
cape, and  then  removed  from  the  phial;  on  re-weighing  the  phial,  the 
amout\t  of  spirit  converted  into  vapor  was  found,  and  the  space  it 
occupied  being  compared  with  the  contents  of  the  bladder,  it  was 
shown  that  the  spirit  of  wine  occupied  in  the  state  of  vapor  100  times 
the  bulk  it  possessed  in  the  liquid  form. 

But  we  must  return  to  Boyle's  experiment  on  the  expansion  of  air 
under  diminished  pressure.  After  making  the  experiment  with  the 
bladder  and  phial,  he  devised  a  far  more  accurate  method,  which  was 
to  place  within  the  receiver  a  tube,  closed  at  one  end,  to  which  a 
divided  scale  was  attached,  and  the  capacity  of  which  was  known. 
The  tube  was  entirely  filled  with  water,  with  the  exception  of  the 
space  occupied  by  a  small  (juantity  of  air  of  known  bulk,  and  its  lower 
end  was  placed  iu  a  vessel  of  water.     When  pressure  was  removed, 

22  • 
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the  air  within  the  tube  expanded  and  depressed  the  column  of  water, 
and  the  amount  of  expansion  was  shown  by  the  scale.  By  this  means 
it  was  found  that  air  expanded  to  thirty-one  times  its  bulk,  but  the  tube 
was  too  short,  and  the  air  still  continued  to  expand,  when  the  experi- 
ment had  to  be  stopped.  He  next  made  use  of  a  tube  three  feet  long, 
passed  it  air-tight  through  the  cover  of  the  receiver,  and  placed  the 
phial  of  water,  into  which  its  open  orifice  dipped,  v.-ithin  the  receiver; 
a  known  quantity  of  air  Avas  now  found  to  expand  to  152  times  its 
previous  bulk ;  it  is  obvious,  however,  that  the  inaccuracy  of  the  ex- 
periment increases  with  the  length  of  the  tube,  because,  when  the  ex- 
haustion has  proceeded  to  a  certain  extent,  the  column  of  water  will 
fall,  not  only  on  account  of  the  expansion  of  the  air  above  it,  but  also 
because  its  own  weight  can  partially  overcome  the  pressure  of  the 
rarefied  air  in  the  receiver. 

Experiment  7.  A  small  globe  of  very  thin  glass  filled  with  air,  was 
placed  in  air-tight  connexion  with  an  exhausted  receiver  :  on  suddenly 
turning  the  stop-cock,  so  as  to  open  free  communication  with  the  re- 
ceiver, the  globe  was  not  broken,  probably,  Boyle  says,  on  account 
of  its  shape. 

Experiment  8.  The  helmet  of  a  glass  alembic  was  fitted  with  a  stop- 
cock, every  other  part  being  closed ;  the  shank  of  the  stop-cock  was 
cemented  into  the  upper  orifice  of  the  pump-barrel;  on  exhausting,  the 
helmet  was  broken. 

Experiment  9.  A  glass  tube,  open  at  both  ends,  was  cemented 
firmly  into  the  neck  of  a  glass  phial  containing  a  small  quantity  of 
water,  so  that  its  lower  end  reached  nearly  to  the  bottom  of  the  phial ; 
the  latter  was  placed  in  a  small  receiver,  and  the  tube  passed  air-tight 
through  the  cover;  on  exhausting,  the  phial  was  burst,*  because,  says 
Boyle,  the  inside  of  the  phial  had  to  bear  the  whole  weight  of  the  at- 
mosphere, and  there  was  no  corresponding  pressure  to  counterbalance 
it  on  the  outside.  The  thinnest  glass  vessel  is  not  broken  in  the  air, 
because  both  the  inside  and  outside  are  equally  pressed ;  in  other 
words,  it  is  submitted  to  no  pressure  at  all. 

Experiment  10.  A  lighted  candle  was  placed  in  the  receiver  ;  on 
exhausting,  it  was  extinguished.  When  burnt  in  the  closed  receiver, 
without  exhausting,  it  continued  alight  for  a  much  longer  time. 

Experiment  11.  A  wire-basket,  filled  with  ignited  charcoal,  was 
suspended  in  the  receiver ;  on  exhausting,  the  charcoal  ceased  to  glow 

*  The  phial  hurst  with  such  violence  that  it  cracked  the  air-pump  receiver, — a 
not  unfrequent  occurrence,  however,  from  other  causes  ;  and,  as  receivers  were 
difficult  to  procure,  Boyle  was  in  the  hahit  of  covering  the  cracks  with  cement, 
and  afterwards  with  diachylon  plaster.  The  following  is  his  account  of  the  pre- 
paration of  the  cement: — "  The  plaster  was  made  of  good  quicklime,  finely  poudred, 
and  nimbly  ground  with  a  pestle  in  a  mortar,,  with  a  quantity  (I  know  not  how 
much  precisely,  not  having  the  essays  in  this  place)  of  scrapings  of  cheese  and  a 
little  fair  water,  no  more  than  is  just  necessary  to  bring  the  mixture  to  a  somewhat 
soft  paste,  which,  when  the  ingredients  are  exquisitely  incorporated,  will  have  a 
strong  and  stincking  smell.  Then  it  must  be  immediately  spread  upon  a  linnen 
cloath  of  three  or  four  fingers'  breadth,  and  presently  appl3''d,  lest  it  begin  to  harden. 
But  if  your  Lordship  had  seen  how  we  mended  with  it  receivers,  even  for  the  most 
subtle  Chymicall  spirits,  you  would  scarce  wonder  at  the  service  it  hath  done  in  our 
Pneumatical  Glass." 
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sooner  than  when  the  receiver  was  not  exhausted ;  but  a  piece  of  red- 
liot  iron  did  not  appear  to  lose  its  rednc33  sooner  in  a  vacuum  than 
when  placed  in  the  closed  receiver. 

Experiment  12.  A  piece  of  lighted  match,  "such  as  souhliers  use," 
was  placed  in  the  receiver;  it  was  quickly  extinguished,  and  an  im- 
mense quantity  of  sraoke  was  produced. 

Experiment  13.  In  order  to  see  whether  the  match  was  extinguished 
for  want  of  air,  or  because  the  smoke  pressed  upon  it,  antl  stilled  the 
flame,  a  partially-blown  bladder  was  introduced  with  the  match,  to  see 
if  the  fuuies  exerted  appreciable  pressure,  but  the  bladder  expanded 
quite  as  readily  as  when  it  was  placed  in  the  receiver  without  the  match. 

Experiment  14.  Gunpowder  could  be  fired  in  an  exhausted  receiver, 
and  a  Hint  and  steel  meeting  together  in  collision  produced  sparks. 

(To  bo  Continued.) 


On  the  Spectra  of  some  of  the  Fixed  Stars. 

From  Ihc  Loiidnii  Clicmicnl  Nc»«,  No.  '£>'>. 

A  piper  "on  the  spectra  of  some  of  the  fixed  stars,"  by  W.  Ilug- 
gins,  F.Il.A.S.,  and  Professor  W.  A.  Miller,  was  then  read.  After 
a  few  introductory  remarks,  the  authors  dc^^cribe  the  apparatus  which 
tlicy  employ,  and  their  general  method  of  observing  the  spectra  of  the 
fixed  stars  and  planets.  The  spectroscope  contrived  for  these  inquiries 
was  attached  to  the  eye-end  of  a  refracting  telescope  of  10  feet  focal 
length,  with  an  8-inch  achromatic  object-glass,  the  whole  mounted  cqua- 
torially  and  carried  by  a  clock-movement.  In  the  construction  of  the 
spectroscope,  a  plano-convex  cylindrical  lens,  of  14  inches  focal  length, 
was  employed  to  convert  the  image  of  the  star  into  a  narrow  line  of 
liljht,  which  was  made  to  fall  upon  a  very  fine  slit,  behind  which  was 
phiced  an  achromatic  collimating  lens.  The  dispersing  portion  of  the 
arrangement  consisted  of  two  dense  flint-glass  prisms,  and  the  spec- 
trum was  viewed  throujjrh  a  small  achromatic  telescope  with  a  ma^rnifv- 
ing  power  of  between  5  antl  <J  diameters.  Angular  measures  ot  the 
ditVoront  parts  of  the  spectrum  were  obtained  by  means  of  a  microme- 
tric  screw,  by  which  the  position  of  the  small  ttdescope  was  regulated. 
A  reflecting  prism  was  placed  over  one  half  of  the  slit  of  the  spectro- 
scope, and  by  means  of  a  mirror,  suitably  adjusted,  the  spectra  of 
comparison  were  viewed  simultaneously  with  the  stellar  spectra.  This 
light  was  usually  obtained  from  the  induction  spark  taken  between 
electrodes  of  different  metals.  The  dispersive  power  of  the  apparatus 
was  sufficient  to  enable  the  observer  to  see  the  line  A7  of  Kirchhoflf 
between  the  two  solar  lines  I);  and  the  three  constituents  of  the  mag- 
nesium group  at  b  arc  divided  still  more  evidently.*  Minute  details 
of  the  methods  adoptetl  for  testing  the  exact  coincidence  of  the  cor- 
responding metallic  lines  with  those  of  the  solar  and  lunar  spectrum 

*  Kach  unit  of  the  scale  adopted  was  alnxit  equal  t«^  !.'«**'>  "'f  ^^^  distftncc  be- 
tween A  and  II  in  the  solar  spectrum.  Tho  measures  on  dinerent  occasions  of  tho 
6UU10  line  rurcly  didcrol  by  one  of  tbeso  unites  Had  were  oll«a  idcoticaL 
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are  given,  and  the  authors  then  proceed  to  give  the  results  of  their 
observations.  Careful  examination  of  the  spectrum  of  the  light  obtained 
from  various  points  of  the  moon's  surface  failed  to  show  any  lines  re- 
sembling those  due  to  the  earth's  atmosphere.  The  planets  Venus, 
Mars,  Jupiter,  and  Saturn  were  also  examined  for  atmospheric  lines, 
but  none  such  could  be  discovered,  though  the  characteristic  aspect  of 
the  solar  spectrum  was  recognised  in  each  case ;  and  several  of  the 
principal  lines  were  measured,  and  found  to  be  exactly  coincident  with 
the  solar  lines.  Between  forty  and  fifty  of  the  fixed  stars  have  been 
more  or  less  completely  examined  ;  and  tables  of  tbe  measures  of  about 
90  lines  in  Aldebaran,  nearly  80  in  a  Orionis,  and  15  in  /9  Pegasi  are 
given,  with  diagrams  of  the  lines  in  the  two  stars  first  named.  These 
diagrams  include  the  results  of  the  comparison  of  the  spectra  of  various 
terrestrial  elements  with  those  of  the  star.  In  the  spectrum  of  Alde- 
baran coincidence  with  nine  of  the  elementary  bodies  were  observed, 
viz  :  sodium,  magnesium,  hydrogen,  calcium,  iron,  bismuth,  tellurium, 
antimony,  and  mercury  ;  in  seven  other  cases  no  coincidence  was  found 
to  occur.  In  the  spectrum  of  a  Orionis  five  cases  of  coincidence  were 
found — viz  :  sodium,  magnesium,  calcium,  iron,  and  bismuth  ;  whilst  in 
the  case  of  ten  other  metals  no  coincideijce  with  the  lines  of  this  stellar 
spectrum  was  found.  ^J  Pegasi  furnished  a  spectrum  closely  resem- 
bling that  of  a  Orionis  in  appearance,  but  much  weaker  ;  only  a  few  of 
the  lines  admitted  of  accurate  measurement,  for  want  of  light ;  but  the 
coincidence  of  sodium  and  magnesium  was  ascertained ;  that  of  barium, 
iron,  and  manganese  was  doubtful.  Four  other  elements  were  found  not 
to  be  coincident.  In  particular,  it  was  noticed  that  the  lines  C  and  F, 
correspond  to  hydrogen,  which  are  present  in  nearly  all  the  stars,  are 
"wanting  in  a  Orionis  and  /J  Pegasi.  The  investigation  of  the  stars 
which  follow  is  less  complete,  and  no  details  of  measurement  are  given, 
though  several  points  of  much  interest  have  been  ascertained.  Sirius 
gave  spectrum  containing  five  strong  lines,  and  numerous  finer  lines. 
The  occurrence  of  sodium,  magnesium,  hydrogen  and  probably  of  iron, 
"was  shown  by  coincidence  of  certain  lines  in  the  spectra  of  these  metals 
■with  those  in  the  star.  In  o.  Lyr?e  the  occurrence  of  sodium,  magnesium, 
and  hydrogen  was  also  shown  by  the  same  means.  In  Capella  sodium 
was  shown,  and  about  twenty  of  the  lines  in  the  star  were  measured. 
In  Arcturus  the  authors  have  measured  about  thirty  lines,  and  have 
observed  the  coincidence  of  the  sodium  line  with  a  double  line  in  the 
star  spectrum.  In  Pollux  they  obtained  evidence  of  the  presence  of 
sodium,  magnesium,  and  probably  of  iron.  The  presence  of  sodium 
was  also  indicated  in  Procyon  and  a  Cygni.  In  no  single  instance 
have  the  authors  ever  observed  a  star  spectrum  in  which  lines  were 
not  discernible,  if  the  light  were  sufiiciently  intense  and  the  atmo- 
sphere favorable.  Rigel,  for  instance,  which  some  authors  state  to  be 
free  from  lines,  is  filled  with  a  multitude  of  fine  lines.  Photographs 
of  the  spectra  of  Sirius  and  Capella  were  taken  upon  collodion  ;  but, 
though  tolerably  sharp,  the  apparatus  employed  was  not  sufficiently 
perfect  to  afi'ord  any  indication  of  lines  in  the  photograph.  In  the  con- 
cluding portion  of  their  paper,  the  authors  apply  the  facts  observed 
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to  an  explanation  of  tlie  colors  of  the  stars.  They  consider  that  the 
difference  of  color  is  to  be  sought  in  the  difference  of  the  constitution 
of  the  investing  stellar  atmospheres,  which  act  by  absorbing  particular 
portions  of  tlie  light  emitted  by  the  incandescent  solid  or  liquid  photo- 
tjphcre,  the  light  of  which  in  each  case  they  suppose  to  be  the  same  in 
quality  originally,  as  it  seems  to  be  independent  of  the  chemical  nature 
of  its  constituents,  so  far  as  observation  of  the  various  solid  and  liquid 
elementary  bodies,  when  rendered  incandescent  by  terrestrial  means, 
appears  to  indicate. 

I'rorcfilinijs  of  the  Royal  Society,  Mny  CO,  lSiJ4. 


For  flic  Jiiurnnl  of  the  Franklin  InHtitut<<, 

On  the  ParahoUe  Construction  of  Ships.  By  John  W.  Nystrom. 

The  following  communication  has  been  received  by  me. 

Triest,  Austria,  June  8th,  18G4. 

Gentleman: — After  having  perused  your  treatise  on  the  Parabolic 
Construction  of  Ships,  your  Poclvet  Book  of  Mechanics,  9th  edition, 
and  a  Lecture  on  the  Parabolic  Construction,  published  in  the  Journal 
of  the  Franklin  Institute^  re-published  in  the  Artizan  for  July,  18G4, 
in  London,  I  take  the  liberty  of  sending  you  the  theories  that  sustain 
Chapman's  hypothesis,  in  which  you  have  not  succeeded ;  with  the 
hope  that  you  will  correct  your  theory,  based  on  wrong  hypothesis, 
before  going  forward  with  your  treatise,  now  in  progress,  and  that  it 
really  will  be  brought  to  perfection ;  and  should  these  proofs  be  ac- 
cepted, I  may  avail  myself  of  another  opportunity  to  forward  somo 
more  extensive  details  on  the  Parabolic  Construction,  communicated 
to  u^j  family  in  the  year  1800,  from  Chapman  himself,  (sending  a 
Work  entitled,  "Fursuk  till  en  Theorctisk  Afhandling  att  gifva  ctt 
Liiiie  skepp  dess  ratta  storlek  ach  form.  Likaledes  for  Fregatter  ocli 
niindre  Bevaradc  Fartyg  af  F.  IL  af  Chapman  Carlscrona,  1800,'*) 
which  was  the  result  of  labors  of  the  latter  years  of  Chapman's  life, 
that  he  dedicated  it,  as  hi*  testament  or  memorial  of  what  he  had  been 
able  to  contribute  to  it,  to  all  enlightened  admirers  of  this  noble  sci- 
ence. 

In  case  you  wouM  be  so  very  kind  as  to  answer  this  letter,  I 
beg  you  to  have  the  kindness,  if  you  do  not  publish  the  theoretic  part 
of  the  Parabolic  System  in  your  progrcssional  work,  to  make  me  ac- 
quainted with  it,  in  order  that  I  may  be  able  to  know  if  1  have  some- 
thing still  to  learn  of  it. 

Very  respectfully, 

rPOAT-i  Anthony  Panfillt, 
*"•'  XT     i.nn        Triest, 

AKMs.j  No.  yoo,   -       .  -*_ 

Austria. 

I  have  received  half  a  dozen  letters  of  this  kind  from  ship-builders 
in  Kurope,  which  all  seem  to  agree  that  I  am  wrong  in  my  Parabolic 
CoHistruotion  ;  but  they  do  not  state  why  or  wherein  I  am  wrong,  on  ly 
refer  me  to  Chapman's  formulas.     I  have  answered  several  comm  u- 
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nications,  and  requested  them  to  explain  why  or  wherein  I  am  wrong  ; 
and  if  any  light  is  obtained  on  the  subject,  I  shall  not  fail  to  com- 
municate the  same  to  the  Franklin  Institute.  In  the  meantime,  I 
shall  go  on,  uninterrupted,  with  my  work  on  the  Parabolic  Construc- 
tion, as  I  am  under  the  impression  that  they  only  suppose  I  am  wrong 
merely  because  my  hypotheses  differ  from  those  of  Chapman.  I  may 
consider  myself  a  pupil  of  Chapman's  school,  because  it  is  on  his  Pa- 
rabolic method  I  have  started,  and  progressed  as  explained  in  the 
Journal  of  the  Franklin  Institute  and  in  the  Lecture  at  the  Poly- 
technic College,  Philadelphia.  The  first  part  of  that  Lecture,  which 
explains  the  inefficiency  of  Chapman's  hypotheses,  has  not  yet  been 
published,  but  the  following  is  an  extract  of  the  game : 

Extracts  from  the  first  part  of  the  Lecture  on  the  Parabolic  Construc- 
tion, at  the  Polytechnic  College,  Philadelphia,  February  11,  1864. 

It  is  proposed  to  explain  to  you,  this  evening,  a  new  method  of 
constructing  ships,  called  the  Parabolic  Construction.  It  is  so  called 
because  it  is  based  on  the  formula  for  a  parabola,  whereby  all  the  lines 
in  a  ship  can  be  constructed. 

The  Parabolic  System  of  constructing  ships  was  originated  by  the 
celebrated  Swedish  naval  architect,  Chapman,  nearly  a  century  ago ; 
at  which  period  it  was  well  received  among  ship-builders,  but  on  ac- 
count of  its  then  incomplete  form,  restricting  constructors  to  parti- 
cular shapes,  it  was  gradually  abrogated,  until  no  trace  could  be  found 
of  it,  even  in  works  on  ship-building.  Mr.  Chapman  hit  upon  the 
fortunate  idea  that  the  cross-sections  of  the  displacement  of  a  vessel 
ought  to  follow  a  certain  progression,  in  order  to  present  the  least 
possible  resistance  when  moving  through  the  water.  He  collected  a 
great  many  drawings  of  ships  of  known  good  and  bad  performances, 
and  made  the  following  investigation.  On  each  drawing  he  trans- 
formed the  cross-sections  of  the  displacement  into  rectangles  of  the 
same  breadth  as  the  greatest  beam  of  the  load-water-line  of  the  vessel ; 
placed  their  upper  edges  in  the  plan  of  the  load-water-line,  by  which 
he  found  that  the  under  edges  of  the  rectangles  formed  a  bottom,  the 
curve  of  which  were  parabolas  in  ships  of  known  good  performances. 

Let  the  accompanying  figure,  1,  Plate  IV,  represent  a  ship  with  the 
load-water-line,  w,  dead-flat  cross-section  a  M  b,  formed  into  the  rect- 
angle abed,  and  i  9  i  another  cross-section  formed  into  a  rectangle 
e  f  g  h,  so  that  the  breadth  e  /  is  equal  to  a  b  ;  then  the  line  Jc  I  m. 
Fig.  1,  PI.  IV,  forming  the  bottom  of  the  rectangles,  should  be  a  pa- 
rabola with  the  vertex  at  k,  and  k  o  the  axis  of  the  abscissa. 

Mr.  Chapman  found  that  the  parabola  so  obtained  did  not  termi- 
nate at  the  stem  n,  but  fell  a  little  short  at  m.  The  deviation  m  n 
was  very  small  in  vessels  of  his  days,  but  in  modern  vessels  it  is  more 
considerable,  showing  that  there  must  be  a  point  of  inflection  p  in  the 
curve.  However  erroneously  we  may  set  out  in  quest  of  an  object, 
experience  generally  leads  us  towards  correct  scientific  principles.  In 
the  case  before  us,  experience  has  increased  the  deviation  m  w,  and 
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wc  know  that  inasmuch  as  nature  admits  of  no  physical  by-laws,  the 
curve  cannot  be  a  jjhiin  pariiljola.  It  is  this  increasing  "leviation  in  n 
which  lias  led  mc  to  investigate  the  subject  more  carefully  ;  starting 
on  the  principle  that  the  resistance  to  a  bo<ly  in  motion  in  a  fluid,  is  a 
function  of  the  Sfjuare  of  the  sine  of  the  angle  of  incidence  to  the  mo- 
tion. Let  abed,  Fig.  2,  1*1.  IV,  be  a  body  in  motion  in  a  fluid,  in 
the  direction  a  c ;  then  the  resistance  to  that  body  is  found  hy  cxpe- 
rin)ents  to  be  nearly  as  the  Sijuare  of  the  sine  of  the  angle  v ;  the 
beam  // d  being  constant. 

From  this  it  appears  that  the  proper  progression  of  the  croiis-scc- 
tions  should  be  as  the  scjuare  of  the  ordinatcs  in  a  parabola. 

Let  Fig.  3,  ri.  IV,  represent  a  vessel  with  the  dead-flat  -V  and  stem 
??.  Draw  the  cross-section  a  ifl  b  and  the  rectangle  a  b  c  d,  &s  before 
described  ;  draw  a  parabola  ^  /  n  of  any  desired  order,  terminating  at 
the  stem  ;  then  the  proper  progression  of  the  cross-sections  should  bo 
as  the  square  of  the  ordinates  fi.  Let  6=1,  then  the  ordinatcs  /5 
will  be  fractions  of  6,  and  the  square  ^3'  multiplied  by  the  area  of  tho 
dead-llat  cross-section  1*1',  would  give  the  pro[)er  area  of  the  ordinate 
cross-section  (f,  orQ—  -V  /3',  Fig.  3,  1*1.  IV.  The  line  k  m  n  should 
then  indicate  the  proper  progression  of  the  ordinate  to  cross-sections 
U.     The  areas  efgh^iOi- 

Here  the  Lecture  was  continued  on  the  properties  and  formulas  for 
the  Farabola,  which  is  not  necessary  to  repeat  on  this  occasion.  Ar- 
rived to  the  following  formulas,  referred  to  the  rectangular  co-ordi- 
nates half  length  and  breadth  of  the  vessel  : 


(a6)  =  ^.(l-^'") 


The  formula  1  gives  the  plain  parabola  o  ,5  8,  Fig.  4,  I'l.  IV.  and 
formula  2  the  parabolic  cyma  a  o  8,  of  which  the  latter  indicates  tho 
proper  progress  of  the  ordinate  cross-section  of  the  displacement  of  a 
vessel,  and  agrees  with  vessels  constructed  for  speed  of  the  present 
day,  while  old  vessels  come  nearer  to  the  plain  parabola  o  ii  8,  as  con- 
structed by  Chapman. 

1  have  investigated  the  progression  of  the  cross-sections  in  a  great 
many  vessels,  from  most  parts  of  the  world,  as  will  be  seen  in  a  trea- 
tise on  the  Parabolic  Construction  of  l^hips  now  in  progress.  Many 
American  vessels  agree  perfectly  with  formula  2,  of  which  the  V.  S. 
frigate  Niaijara,  constructed  by  the  late  Mr.  Steers,  is  one.  Tho 
formula  1,  which  embodies  Chapman's  meth6d,  is  tlierefore  not  ap- 
plicable in  modern  ship-building,  which  I  think,  is  the  reason  why  the 
original  parabolic  system  has  not  bet-n  more  generally  adopted.  It 
is  not  always  necessary  to  pay  the  greatest  attention  to  specil,  as  there 
are  many  other  circumstances  of  greater  importance,  namely,  freight, 
shallow  water,  location  of  metacentre  and  centre  of  gravity  of  tho 
vessel ;  for  which  it  becomes  necessary  to  arrange  the  parabolic  con- 
struction of  ships,  so  that  it  will  accommodate  itself  to  all  the  require- 
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ments,  as  well  as  to  the  taste  of  the  ship-builder.  This  can  be  ac- 
complished by  raising  the  ordinate  [i  to  any  arbitrary  power,  which 
we  will  designate  with  the  letter  q,  and  call  it  the  power  of  the  ex- 
ponent n,  when  the  final  formula  Avill  appear  : 


P 


(i-i:)' 


This  is  the  general  formula  for  the  parabolic  construction.  The 
balance  of  the  Lecture  has  appeared  in  the  Journal  of  the  Franklin 
Institute. 

It  does  not  appear  that  Chapman  attempted  to  form  the  water-lines 
and  frames  of  a  vessel  by  the  parabolic  method.  He  says  the  area 
of  the  cross-sections  can  be  approximated  by  a  parabola,  placing  the 
vertex  at  the  keel,  which  cannot  give  a  proper  shape  to  the  frame. 
Inasmuch  as  the  displacement  of  a  vessel  is  the  integral  of  the  areas 
of  the  water-lines  and  cross-sections,  and  that  those  areas  are  integrals 
of  the  ordinates  in  the  frames  and  water-lines,  they  are  all  convertible 
into  one  another  by  a  common  formula,  which  is  the  formula  3,  and 
which  formula  embodies  Chapman's  system  completely  ;  simply  by 
placing  q  =z  \.  But,  by  so  doing,  the  constructor  is  restricted  to  a 
stiff  and  obstinate  guide,  which  will  not  yield  to  his  taste,  and  we 
have  the  result  before  us  :  namely,  the  ship-builder  assumes  his  in- 
dependence. It  would  be  futile  to  attempt  to  introduce  a  system 
of  constructing  ships  that  would  not  accommodate  itself  to  the  taste 
of  the  constructor.  By  Cliapman's  system,  when  the  length,  breadth, 
depth,  and  the  displacement  are  given,  then,  the  sharpness  of  the 
vessel  is  obdurately  fixed,  while  by  an  arbitrary  value  on  q  the 
sharpness  and  ease  of  the  lines  can  vary  considerably,  and  accom- 
modate itself  to  the  taste  of  the  architect. 

Suppose  the  area,  length,  and  breadth  of  the  load-water-line  of  a 
vessel  are  given,  which  is  substantially  the  same  as  if  the  displace- 
ment, dead-flat,  cross-section,  and  length  were  given  ;  then  Chapman's 
method  will  produce  the  fixed  line,  say  o  mm  s,  fig.  5,  PI.  IV,  while  the 
formula  3  will  produce  any  variety  of  lines,  as  o  o  o  s,  or  o  e  e  s,  or  if 
we  wish  to  go  to  the  extreme  the  wrong  way,  we  can  produce  the  line 
0  n  n  s  ;  in  fact,  the  formula  3  can  manipulate  the  displacement  the 
same  as  one  can  work  a  lump  of  soft  clay  in  his  hands.  What  more 
is  wanted  ?  This  is  a  property  of  my  parabolic  system  which  does 
not  appear  to  have  been  appreciated  by  my  correspondents  on  the 
subject ;  but  when  once  fairly  laid  before  them,  I  am  assured  they 
will  be  the  first  to  appreciate  and  acknowledge  its  utility. 

This  formula  3  is  not  limited  only  to  ship-building ;  but  is  appli- 
cable to  a  great  variety  of  physical  laws.  It  embraces  all  properties 
of  heat,  such  as  the  pressure  and  temperature  of  steam,  the  law  of 
dilatation,  total  and  specific  heat  in  matter.  I  prefer  to  use  this  for- 
mula for  the  rude  and  empirical  mode  of  interpolation,  and  most  inva- 
riably succeed  in  bringing  it  in. 


2G5 
Artificial  Light  and  Liylding  Materials.    By  B.  II.  Paul,  Esq. 

From  thf  Journal  of  the  Society  ofArtjt,  No.  i'j3. 

(Continued  from  puge  iJlOj 

Discussion. — Dr.  M:ircet,  F.li.S.,  understooJ  Mr.  Paul  as  directing 
attention  to  the  heating  action  produced  by  various  ligliting  agents. 
This  property,  no  doubt,  varied  very  much  in  the  differc-nt  agents  used 
— some  gave  out  more  heat  than  others,  ami  some  evolved  more  car- 
bonic acid  gas  than  others.  Coal  gas  produced  less  carbonic  acid  tiiaii 
petroleum  and  other  substances  of  that  kind.  This  subject  was  import- 
ant in  connexion  with  th6  effect  of  artificial  light  upon  health.  No 
doubt  in  rooms  where  lights  were  burnt  for  a  considerable  time,  unless 
proper  regard  were  paid  to  ventilation,  a  large  amount  of  noxious  gases 
were  evolved.  Tlicse  gases  consisteil  of  carbonic  acid,  sulphurous  acid, 
and  others  of  a  more  or  less  pernicious  nature.  In  some  cases  in  rooms 
where  lights  were  burnt  in  which  the  combustion  was  not  complete, 
tiicre  was  a  formation  of  carbonic  oxide  which  was  most  poisonous. 
AVhen  explosions  took  place  in  mines  not  only  carbonic  acid  was  formed, 
Ijut  also  carbonic  oxide,  and  these  were  both  destructive  of  life  in  a 
very  short  time,  but  each  separately  had  a  difl't-rent  action  in  the  de- 
struction of  life.  Carbonic  acid  gas  destroyed  life  comparatively  slowly, 
while  carbonic  oxide  immediately  struck  down  any  one  who  breathed 
it.  In  the  case  of  the  lamentable  explosion  at  the  Hartley  colliery, 
which  was  attended  with  so  large  a  loss  of  life,  he  had  no  doubt  that 
a  mixture  of  carbonic  acid  and  carbonic  oxide  was  formed,  and  he 
hoped,  for  the  sake  of  the  victims  themselves,  that  the  latter  predomi- 
nated, inasmuch  as  their  sufferings  would  be  less  protracted  than  under 
the  influence  of  carbonic  acid  alone.  The  action  of  these  gases  pro- 
duced such  dilTerent  appearances  after  death  that  it  could  be  ascer- 
tained by  which  of  them  the  death  had  been  caused.  Carbonic  acid 
gas  rendered  the  blood  left  in  the  veins  of  a  ilark  color,  while  in  cases 
of  death  from  carbonic  oxide  the  red  color  of  the  blood  was  heightened. 
The  fact  of  these  gases  being  generated  by  the  combustion  of  the 
agents  used  for  lighting  purposes  made  it  necessary  that  the  utmost 
attention  should  be  paid  to  ventilation.  He  thought  the  j)lan  of  lights 
ing  adopted  in  the  room  in  which  they  were  assembled  was  so  perfect 
that  it  was  impossible  there  couhl  be  any  accumulation  of  noxious 
gases,  while  the  light  itself,  by  being  concentrated  into  one  large  focus, 
was  of  a  very  cfEcient  characU^r,  and  ventilation  was  greatly  promoted. 
The  subject  of  lighting  by  petroleum  having  been  alluded  to  by  Mr. 
Paul,  he  could  have  wished  that  some  further  information  had  been 
given  with  regard  to  the  Rangoon  petruleum.  From  that  material  had 
been  manufactured  a  very  perfect  lighting  agent  under  the  title  of 
Bclmontine,  but  he  was  afraid  the  supply  of  that  petroleum,  as  indeed 
of  many  other  kinds,  was  considerably  on  the  decrease,  but  he  had  no 
duubt  that  other  sources  of  supply  would  be  obtained  as  the  original 
ones  failed. 

Dr.  BachhofTncr  said  on  a  recent  occasion  when  they  were  favored 
with  a  paper  on  an  analogous  subject  to  this,  he  expressed  a  some- 
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what  strong  opinion  with  reference  to  the  use  of  hydro-carbons  as 
lighting  agents,  which  opinion  he  saw  no  reason  to  retract.  He  still 
maintained  that  for  the  ordinary  oils  of  commerce  a  sufficient  guarantee 
should  be  given  as  to  their  non-inflammability  at  a  temperature  below 
a  certain  fixed  standard ;  otherwise  there  was  danger  in  their  use  for 
domestic  purposes.  He  did  not  dispute  the  correctness  of  Mr.  Paul's 
statement  that,  if  these  oils  were  used  under  proper  precautions,  they 
would  be  safe  enough :  but  the  great  difficulty  was  to  ensure  those 
precautions  in  ordinary  households.  Most  of  the  lamps  at  present  in 
use  required  to  be  trimmed  and  lighted  in  a  peculiar  way,  and  with 
great  care,  and  this  could  hardly  be  trusted  to  servants.  He  had  no 
objection  to  ofler  against  the  use  of  these  lighting  agents,  provided  a 
satisfactory  guarantee  were  given  by  tlie  retailers  of  the  article  that  it 
would  not  explode  at  a  temperature  below  1CH)°  at  least,  though  he 
would  rather  have  a  margin  of  20°  or  30°  above  that.  There  was  at 
present  a  certain  amount  of  danger  in  the  use  of  these  hydro-carbon 
oils.  He  was  aware  that  the  same  objections  were  raised  against  ordi- 
nary gas  on  its  first  introduction.  He  had  no  doubt  they  could  easily 
blow  up  a  house  with  gas  if  they  were  so  disposed,  but  this  would  only 
result  in  most  cases  from  great  carelessness.  The  peculiar  odor  of 
gas  was  a  great  safeguard  in  its  use,  for  any  escape  was  at  once  de- 
tected. He  remembered  there  was  once  an  attempt  made  to  deprive 
coal  gas  of  its  odor,  but  he  regarded  that  as  the  greatest  security 
they  could  have  against  accidents,  for  if  they  allowed  the  taps  to  be 
turned  on  they  were  apprized  of  the  fact  through  the  medium  of  the 
olfactory  sense.  With  regard  to  petroleum,  until  there  was  a  satis- 
factory guarantee  when  hydro-carbon  oils  were  purchased,  that  they 
were  not  explosive  at  a  temperature  below  something  like  130°,  he 
considered  they  were  not  safe  for  general  domestic  use. 

Mr.  Robinson,  as  one  who  had  had  some  experience  in  the  use  of 
paraffin  oil,  fully  confirmed  the  views  expressed  by  the  last  speaker,  as 
to  the  necessity  for  a  sufficient  guarantee  being  given  as  to  the  tempera- 
ture at  which  these  oils  would  inflame.  Without  that  guarantee  he  con- 
sidered their  use  objectionable  and  dangerous.  The  system  under 
which  they  were  at  present  sold  was  extremely  unsatisfactory.  A 
short  time  since  he  purchased  some  paraffin  oil  which  was  guaranteed 
not  to  ignite  upon  the  application  of  a  match  to  it  in  a  saucer ;  but 
upon  testing  it  he  found  it  ignited  very  readily.  He  thought  it  worthy 
the  consideration  of  this  society  how  far  petroleum  oils  might  be  em- 
ployed for  the  purpose  of  heating  steam  boilers,  instead  of  as  a  light- 
ing agent.  He  thought  the  use  of  paraffin  and  petroleum  oils  highly 
dangerous  with  the  present  tall  lamps,  which  were  liable  to  be  upset 
by  the  smallest  accident,  when  the  most,  serious  consequences  might 
ensue.  He  fully  concurred  in  the  views  of  Dr.  Bachhofl'ner  as  to  the 
desirability  of  a  more  satisfactory  guarantee  being  given  of  the  degree 
of  inflammability  of  these  oils. 

Dr.  Bachhofl'ner  said  petroleum  had  been  used  in  America  to  a  great 
extent  for  generating  steam  in  steam  boilers,  and  a  report  had  been 
issued  showing  that  it  had  been  attended  with  certain  advantages. 
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Mr.  Wankyn  thought  too  much  importance  was  attached  to  the  com- 
parison of  lighting  materials  as  regarded  the  relative  qualities  of  car- 
bonic acid  produced  in  combustion.  Ordinary  air  contained  from  three 
to  five  parts  of  carbonic  acid  gas  in  10,000  parts  of  air.  Experiments 
made  upon  air  taken  from  the  most  crowded  theatres  of  London  show- 
ed it  to  contain  not  more  than  fifty  parts  of  carbonic  acid  in  10,000. 
If  they  considered  the  immense  quantity  of  air  there  was  in  a  room, 
and  made  a  simple  calculation,  it  would  appear  that  no  description  of 
lighting  material  they  could  have  could  produce  an  amount  of  carbonic 
acid  that  was  likely  to  have  a  serious  effect  upon  health.  lie  believed 
it  had  never  been'established  that  the  difference  between  5  parts  and 
50  parts  in  10,000  had  an  injurious  effect  upon  the  liealth  ;  and  the 
probability  was  that  the  injurious  effects  of  close  air  were  due  to  some- 
thing else,  rather  than  to  the  slight  additional  quantity  of  carbonic 
acid  gas.  He  believed  the  amount  of  carbonic  acid  present  under  such 
circumstances  was  practically  of  no  moment  whatever.  "With  regard 
to  the  danger  of  explosion,  petroleum  had  only  recently  come  into  use 
and  he  believed  one  of  the  most  effectual  ways  of  guarding  against  this 
was  to  use  lamps  holding  only  a  small  portion  of  oil.  To  cause  aa 
explosion  they  required  air  to  be  mixed  with  the  vapor  of  petro- 
leum, and  it  was  only  when  this  vapor  was  present  in  a  large  propor- 
tion that  explosion  was  possible.  When  the  lamp  was  full  of  oil  there 
could  be  no  explosion  ;  the  accidents  occurred  for  the  most  part  when 
the  lamp  was  nearly  empty. 

Mr.  Tegetmeier  said,  having  investigated  the  circumstances  of  a 
great  many  accidents  alleged  to  have  been  occasioned  by  the  explosion 
of  paraffin  lamps,  he  had  only  met  with  one  genuine  instance,  which 
occurred  at  Bethnal  Green  in  the  autumn  of  last  year.  In  that  case 
the  lamp  was  a  cheap  and  badly  constructed  one ;  the  oil  used  was 
inllammable  at  110°  (disposing  of  the  alleged  safety  of  oil  at  100°), 
and  a  woman  in  attempting  to  put  the  light  out  blew  down  the  chimney, 
which  ignited  the  oil,  and  the  burning  licjuid  was  scattered  over  her, 
occasioning  a  considerable  amount  of  injury.  With  regard  to  the  in- 
llaiiiing  point  of  oil  he  understood  Mr.  Paul  to  put  the  point  of  safety 
at  100°.  He  (Mr.  Tegetmeier)  thought  the  inflaming  point  should  be 
placed  some  degrees  higher,  lie  had  never  traced  an  accident  to  oil 
inflaming  at  over  120°  ;  therefure  he  agreed  with  Dr.  Bachhoffner  that 
they  ought  to  have  a  guarantee  of  safety  up  to  about  130^.  As  to 
danger  in  the  use  of  really  good  oil,  he  believed  it  was  practically  nil ; 
and  with  oil  uninflammable  up  to  about  130°;  they  might  use  the  lamp 
in  the  roughest  manner,  and  even  spill  the  oil,  without  the  slightest 
danger. 

Mr.  Paul,  in  reply  upon  the  discussion,  said  with  reference  to  the 
remarks  of  Dr.  Marcet,  as  to  the  relative  amount  of  carbonic  acid  given 
out  by  different  ligliting  materials,  it  was  only  necessary  to  say  that 
as  ihe  illuminating  power  of  these  materials  entirely  depended  upon 
the  amount  of  carbon  they  contained,  it  followed  that  for  a  given 
quantity  of  light  they  must  yield  a  given  quantity  of  carbonic  acid. 
In  the  table  given  in  the  paper  the  various  materials  mentioned  were 
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seen  to  contain  carbon  in  slightly  different  proportions,  the  greatest 
amount  being  contained  in  olefiant  gas,  which  was  about  86  per  cent., 
while  marsh  gas  contained  about  75  per  cent.,  and  the  latter  had 
no  illuminating  power,  while  the  former  produced  a  brilliant  light. 
It  was  a  mistake  to  suppose  that  petroleum  had  an  advantage 
over  coal  gas  in  producing  less  heat :  for  the  production  of  heat  as 
well  as  of  light  depended  upon  the  amount  of  carbon  ;  the  more 
light,  the  more  heat,  and  the  more  carbonic  acid  they  had.  The  only 
room  for  improvement  in  the  case  of  gas,  as  far  as  he  could  see,  was 
with  regard  to  the  diluting  agents  of  olefiant  gas;  these  were  of  three 
kinds — carbonic  oxide,  carburetted  hydrogen,  and  hydrogen.  These 
differed  in  the  amount  of  heat  they  produced,  and  carbonic  oxide  was 
objectionable  from  its  poisonous  properties.  The  improvement  would 
be  to  substitute  hydrogen  for  marsh  gas  or  carbonic  oxide ;  still  he 
repeated,  for  a  given  quantity  of  light  they  must  have  a  given  quantity 
of  carbonic  acid  and  a  given  quantity  of  heat.  The  production  of  car- 
bonic oxide  under  the  circumstances  in  which  gas,  petroleum  or  candles 
■were  burned,  seemed  to  him  to  be  beyond  the  range  of  possibility. 
Carbonic  oxide  could  only  be  produced  by  the  combustion  of  carbona- 
ceous substances  where  there  was  a  deficiency  of  oxygen.  "When  a 
light  was  burnt  with  insufficient  air  the  consequence  was  smoke,  which 
preceded  the  production  of  carbonic  oxide,  and  gave  sufficient  warning 
of  the  risk.  There  was  a  method  of  lighting  which  had  been  tried, 
which  he  had  no  doubt  would  eventually  be  successful,  and  would  be 
largely  used,  in  which  the  light  was  obtained  without  any  carbonic 
acid  being  produced.  He  referred  to  the  lime  light,  in  which  the  solid 
substance,  instead  of  being  carbon,  was  a  piece  of  lime,  intensely  heated 
by  the  flame  of  oxygen  and  hydrogen.  The  possibility  of  using  that 
plan  of  lighting  for  ordinary  purposes  rested  upon  one  circumstance, 
viz  ;  the  production  of  cheap  oxygen.  If  this  could  be  cheaply  sup- 
plied there  would  be  no  further  difficulty  about  the  lime  light :  but 
under  present  circumstances  the  improvement  that  could  be  made  in 
the  existing  methods  of  lighting  consisted  in  better  modes  of  ventila- 
tion, such  as  were  adopted  in  this  room — a  principle  first  introduced 
by  Faraday,  and  one  which  might  be  regarded  as  perfect  in  all  respects. 
With  regard  to  the  Rangoon  petroleum,  the  history  of  it  was  very  simple. 
It  was  an  extremely  good  material  for  the  manufacture  of  hydrocar- 
bon oils,  the  best  of  the  kind  being  that  known  as  the  Belmontine,  of 
Price's  Candle  Co.,  but  the  cost  of  Rangoon  petroleum  in  this  country 
was  from  X20  to  £'25  per  ton,  while  the  American  was  supplied  at  from 
.£12  to  £18.  It  did  not  therefore  require  many  words  to  say  why 
Rangoon  petroleum  was  not  used.  With  regard  to  American  petro- 
leum he  was  far  from  enthusiastic  about  the  future  of  that.  He  was 
disposed  to  think  the  oil  distilled  from  coal  and  other  similar  materials 
would  become  the  staple  material  for  the  production  of  these  illuminat- 
ing oils.  With  regard  to  the  alleged  danger  attending  the  use  of  these 
materials,  he  must  say  he  could  not  agree  with  the  apprehensions 
entertained  by  gentlemen  whose  opinions,  however,  were  deserving  of 
great  respect.    The  idea  of  being  limited  in  the  use  of  these  materials 
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by  the  stupidity  of  domestics  was  a  thing  he  did  not  like  to  submit  to. 
The  probability  of  a  gas  tap  being  left  with  the  gas  escaping  was  quite 
as  great  as  that  of  any  blunder  through  which  an  accident  might  be 
produced  by  the  use  of  petroleum.  Of  course  in  the  use  of  all  these 
materials  a  reasonable  and  proper  amount  of  care  must  be  exercised, 
and,  as  with  ordinary  gas,  /they  must  have  proper  apparatus  for  burn- 
ing these  oils,  which  apparatus  must  be  carefully  managed.  The 
fact  that  these  oils  could  afford  light  in  country  places,  where  gas  was 
not  o))tainablc,  at  a  price  of  little  more  than  half  as  much  again  as 
gas,  was  sufficient  to  prove  that  they  were  a  considerable  boon  to  the 
great  mass  of  tlie  people.  There  was  another  fact  which  was  not  suf- 
ficiently attended  to — that  was  the  enormous  aggregate  consumption 
of  these  oils.  There  were  several  factories  whicii  turned  out  30,000 
gallons  of  oil  per  week,  and  the  number  of  accidents  they  heard  of 
was  infinitely  small  when  compared  with  the  extent  to  which  these 
materials  were  used.  At  the  same  time  it  was  (juite  proper  that  it 
should  be  settled  by  competent  authority  what  should  be  the  standard 
of  safety  in  these  oils.  The  Act  of  Parliament,  passed  some  time  ago, 
unfortunately  only  applied  to  the  storing  of  petroleum  and  other  inffam- 
mable  substances,  and  left  out  of  consideration  other  important  points. 
The  Act  merely  provided  that  not  more  than  40  gallons  of  oil,  lighting 
at  a  temperature  below  100°,  should  be  stored  within  a  certain  distance 
of  a  dwelling-house;  but  less  than  40  gallons  of  such  oil,  if  ignited, 
might  occasion  very  serious  damage.  AVith  regard  to  the  temperature 
of  ignition,  if  it  were  possible  to  use  oil  that  would  light  at  100°  with 
perfect  safety,  provided  thoy  used  proper  lamps  in  a  proper  way,  it 
was  desirable  that  no  impediment  should  be  placed  in  the  way  of  doing 
so ;  at  all  events,  the  question  should  be  settled,  and  the  absolute 
degree  of  safety  established.  With  regard  to  the  use  of  these  materials 
for  fuel,  that  admitted  of  very  simple  comment.  He  was  aware  they 
liad  been  tried  in  America,  but  a  slight  consideration  of  the  composi- 
tion of  petroleum  would  show  that  this  was  not  likely  to  answer  com- 
mercially. The  heating  power  of  petroleum  was  not  more  than  1^ 
times  that  of  coal,  and  while  the  price  of  petroleum  in  this  country  was 
about  c£18  per  ton,  coal  was  about  .£1  per  ton.  From  this  fact  alone 
they  might  judge  how  far  the  application  of  petroleum  to  heating  pur- 
poses in  manufactures  was  practicable. 

Mr.  Symons  said  that  the  assertion  of  Mr.  Paul — tliat  heat  bears 
a  constant  proportion  to  light,  did  not  agree  with  the  experiments  of 
Dr.  Frankland.  According  to  the  published  tables  of  these  experi- 
ments, the  heat  produced  did  not  bear  any  constant  proportion  to  the 
amount  of  light  evolved. 

The  Chairman  thought  they  could  not  but  feel  obliged  to  Mr.  Paul 
for  the  interesting  paper  he  had  brought  before  them  this  evening,  and 
also  for  the  further  observations  he  had  been  kind  enough  to  make  on 
matters  arising  out  of  the  discussion.  The  subject  of  lighting  was  a 
very  interesting  and  important  one,  both  as  regarded  the  lighting  of 
towns  and  the  interior  of  dwellings.  Those  who  had  been  in  any  of 
the  towns  of  the  East,  which  were  entirely  unlighted  at  night,  except 
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by  the  small  lanterns  people  carried  about  with  them,  would  not  be 
surprised  at  the  fact,  that  when  the  Turkish  Ambassador  came  to 
London,  he  thought  the  city  was  illuminated  in  honor  of  his  arrival, 
though  the  only  lights  used  at  that  period  were  oil  lamps.  He  might 
mention,  that  long  after  the  introduction  of  gas  into  Newcastle-upon- 
Tyne,  he  saw  a  house  there  blown  up  by  gas.  The  singular  fact  con- 
nected with  this  occurrence  was,  that  in  that  house  no  gas  was  laid  on; 
but  the  pipe  of  the  public  lighting  having  burst,  the  gas  found  its  way 
into  the  house,  and  the  servant,  going  about  with  a  lighted  candle, 
produced  the  explosion,  which  was  attended  with  very  serious  conse- 
quences. That  accident,  at  the  time,  was  very  likely  to  lead  to  a  sup- 
position that  gas  would  prove  a  very  dangerous  thing,  and  that  accidents 
of  that  kind  would  be  of  frequent  occurrence.  Yet  it  was  the  only 
instance  of  the  kind  he  had  ever  heard  of,  and  40  years  had  passed 
over  without  the  repetition  of  such  an  occurrence,  showing  how  er- 
roneous a  view  might  be  entertained  as  to  the  question  of  danger. 
Keference  had  been  made  to  the  application  of  these  oils  to  heating 
purposes.  That  was  a  subject  well  worthy  of  most  careful  considera- 
tion, because  everything  that  tended  to  economize  coal  must  tend  to 
the  duration  of  this  country  as  a  great  and  poAverful  nation.  The 
Chairman  concluded  by  moving  a  vote  of  thanks  to  Mr.  PauL 

The  vote  of  thanks  having  been  passed, 

Mr.  Paul,  in  reply  to  what  had  fallen  from  Mr.  Syraons,  said  he 
thought  Dr.  Frankland  would  be  the  last  person  to  dissent  from  the 
view  he  had  put  forward  as  to  the  amount  of  light,  and  consequently 
of  heat  produced,  being  in  direct  proportion  to  the  amount  of  carbon 
contained  in  the  vapor  burnt.  As  to  the  reason  why  the  oxyhydrogen 
blow-pipe  did  not  give  light  in  proportion  to  the  heat,  it  was  simply 
from  the  fact  that  the  gases  burnt  contained  no  carbon,  and  yielded 
no  solid  product. 

Artificial  Lighting. 

From  the  Journal  of  the  Society  of  Arts,  No.  594. 

The  observations  I  made  in  the  discussion  on  Mr.  Paul's  paper,  on 
the  1st  inst.,  were  in  reply  to  his  statement — "  It  was  a  mistake  to 
suppose  that  petroleum  had  an  advantage  over  coal  gas  in  producing 
less  heat,  for  the  production  of  heat  as  well  as  of  light  depended  upon 
the  amount  of  carbon;  the  more  light  the  more  heat ;"  "  for  a  given 
quantity  of  light  they  must  have  a  given  quantity  of  carbonic  acid 
and  a  given  quantity  of  heat."  There  appears  to  be  a  misapprehen- 
sion of  the  generally  received  theory  of  the  correlation  of  physical 
forces  in  these  assertions  ;  a  delBnite  quantity  of  force  will  no  doubt 
be  given  out  in  the  formation  by  combustion  of  a  certain  quantity  of 
carbonic  acid,  but  the  following  table,  from  Dr.  Frankland's  lecture 
at  the  Royal  Institution,  in  February,  1863,  (on  which  ray  remarks 
were  founded,)  shows  that  this  force  may  be  given  out  in  largely  vary- 
ing proportions  of  light  and  heat.  In  connexion  with  the  subject 
under  discussion,  the  table  may  be  otherwise  interesting  to  some  of 
jour  readers  who  may  not  have  seen  it.     It  shows  the  amount  of  car- 
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bonic  acid  and  heat  generated  per  hour  by  various  illuminating  agents, 
each  giving  the  light  of  20  sperm  candles. 


C; 

urbonic  acid. 

Ucat. 

Cost, 
e.    d. 

Tallow, 

101  feet, 

100 

2    8 

Bperniaceti, 

8-:3     " 

82 

f;    8 

Wax. 

8-3     " 

82 

7     '1\ 

I'iiniffin, 

G-7     " 

Gd 

3     10 

Coal  f^us, 

o-O     " 

47 

0     A\ 

Cannol  gas,  . 

40     " 

3'' 

0     3 

ParaHin  oil, 

PvO     " 

i-'O 

0     o 

Hock  oil, 

3-0     " 

29 

0     G.V 

It  Avill  thus  be  seen,  at  least  according  to  Dr.  Frankland's  experi- 
ments, that  for  exactly  the  same  amount  of  light,  tallow  emits  nearly 
four  times  as  much  heat  as  paraffin  oil,  and  more  than  twice  as  much 
as  coal  gas. 

■\V.  Symons. 


For  tho  Jiiurnal  of  tlie  Franklin  Institute. 

Atmospheric  Pressure  as  a  Traveling  Force,  versus  Animal  Power 
and  Steavi  Locomotives. 

Steam  is  prohibited  from  driving  cars  through  this  populous  city. 
It  could  not  be  admitted  without  a  sacrifice  of  life,  hence  horses  on  our 
street  railways.  Time  is  most  appreciated  in  commercial  communities. 
Almost  every  one  entering  a  car  wishes  to  be  at  the  end  of  his  route 
in  the  shortest  possible  time,  but  that  cannot  be  attained  or  even 
approached  in  streets  so  generally  thronged  and  sometimes  blocked 
with  carriages.  Twelve  passengers  is  the  complement  of  an  omnibus, 
but  rail  cars  are  "never  full,"  tliough  jammed  inside  and  out  they  stop 
for  every  applicant  and  leave  him  to  find  standing  room  where  he  can. 
As  on  some  other  lines,  the  Fourth  Avenue  cars  start  every  two  or 
three  minutes.  They  run  from  below  the  City  Hall  to  32d  Street — 
nearly  2.^'  miles.  The  time  given  to  the  conductor  is  30  minutes,  each 
way.  The  actual  average  is  I  believe  two  or  three  more.  "Add  to 
the  number  of  cars  "  is  the  natural  suggestion  and  it  will  have  to  be 
done,  tliough  it  will  add  to  the  number  of  stoppages  and  dead-locks 
at  crossings.  Soothing  one  sore  it  will  aggravate  another.  A  few 
through  lines  would  do  something  but  where  is  there  room  for  them. 
Increased  and  uninterrupted  speed  is  the  only  remedy  and  it  is  wholly 
impracticable,  and  inadmissible  if  practicable.  The  business  part  of 
the  city  is  so  crowded  that  stoppages  and  (|uarrels  of  drivers  are  almost 
constant.  The  carmen  complain  through  the  press  and  formally  to 
the  city  authorities  of  rail  tracks  which,  they  say,  their  carts  cannot 
travel  on  without  injury  to  their  horses.  The  feeling  may  be  inferred 
from  remarks  of  the  Tribune  of  June  24.  As  an  historical  fact  the 
extract  is  worth  preserving. 

"  Tiiore  was  another  hearing  of  complaints  against  city  railroad? 
yestonlay,  before  the  Common  Council  Committee.  The  question  is 
easily  narrowed  down  to  a  simple  proposition  :  Arc  the  streets  of  Xew 
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York  for  the  whole  people  or  for  the  carmen?  If  for  the  people,  the 
carmen — an  integral  portion  of  that  people — must  take  their  chances 
•with  all  the  others.  If  for  the  carmen,  the  people  must  he  delayed, 
obstructed,  annoyed,  run  over,  as  they  are  now  to  a  certain  extent, 
and  permit  their  business  to  sufier  for  the  accommodation  of  but  a  mere 
fraction  of  their  own  number.  Carmen  complain  that  rails  break 
their  carts ;  then  let  them  keep  off  the  track — they  cannot  get  more 
than  one  wheel  on  at  any  rate.  There  is  room  enough  in  almost  any 
street  to  keep  clear  of  the  rails.  If  they  have  not  a  load  to  deliver  in 
a  street  having  rails,  there  is  no  good  reason  why  they  should  prefer 
that  street ;  if  they  have  business  there,  they  need  not  drive  on  the 
rails  ;  if  they  necessarily  back  up  across  the  track,  the  cars  must  wait, 
and  the  railroad  men  do  not  complain,  however  passengers  may  grumble 
if  they  will  insist  upon  driving  on  or  across  the  track  out  of  pure  spite, 
as  they  very  often  do,  to  our  certain  knowledge,  they  are  properly  or- 
dered off  by  the  police.  We  do  not  say  that  car-drivers  and  conduct- 
ors are  models  of  patience,  but  we  know  that  it  is  the  especial  delight 
of  a  great  many  carmen,  stage-drivers,  grocery  men,  fish  and  vegeta- 
ble peddlers,  and  all  other  divisions  of  the  carrying  trade,  to  delay, 
thw^art,  annoy  and  insult  the  men  who  manage  cars — we  know  that  some 
of  them  deliberately  seek  occasions  to  be  annoying,  and  have  often 
suffered  until  almost  out  of  patience  with  their  bullying." 

Looking  beyond  the  present  hour  we  apprehend  a  system  will  have 
to  be  adopted  that  will  neither  require  horses  nor  interfere  with  street 
travel.  For  want  of  room  on  the  surface  the  lines  will  have  to  be  sub- 
terranean or  aerial — under  or  over  the  houses.  At  present,  decided 
objections  would  most  likely  be  urged  against  both.  But,  passing  that, 
suppose  it  were  possible  to  inaugurate  a  system  by  which  a  Fourth 
Avenue  car-load  of  passengers  could  be  sent  through  in  three  minutes, 
that  would  he  equal  to  ten  of  the  present  trips,  and  if  double  the  num- 
ber of  passengers  were  taken  it  would  be  equivalent  to  twenty.  That 
is,  work  would  be  done  in  30  minutes  which  now  requires  600.  In  other 
•words  200  trips  would  be  made  in  ten  hours  instead  of  20 :  and  with 
a  single  car  instead  of  a  dozen. 

Now,  as  a  general  proposition,  this  is  both  possible  and  practicable. 
Still,  not  to  draw  too  largely  at  once  on  public  credence,  let  those  who 
think  it  too  Utopian,  double  the  time  and  say  six  minutes  a  trip  in- 
stead of  thirty — less  than  a  mile  in  two  minutes.  To  some  minds  even 
that  may  seem,  if  not  visionary,  in  advance  of  the  age  and  of  the  arts; 
but,  in  reality,  it  is  in  advance  of  neither.  Enterprise  and  intelligence 
can  realize  it  at  once.  If  too  late,  or  too  early,  to  adopt  it  here  it  may 
not  be  elsewhere.  The  main  point  has  already  been  established.  The 
principle  is  that  of  the  abandoned  Pneumatic  Railways,  with  this  differ- 
ence that  passengers  are  to  be  carried  through  the  tunnel  or  tube  in- 
stead of  over  it.  Don't  be  alarmed.  "When  duly  considered,  objections 
"will  be  found  more  imaginary  than  real. 

"AVhy,  must  not  blackness  of  darkness  pervade  the  interior  ?"  Not 
necessarily,  since  gas  or  oil  lamps  may  be  carried  along  as  in  night 
cars.  But  the  air  in  crowded  cars  is  offensive  in  hot  weather  j  must  it 
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not  in  such  tunnels  resemble  that  in  the  black-hole  of  Calcutta  ?  Xo, 
not  in  the  longest  line.  No  space  could  be  more  thoroughly  ventilate<l 
since  fresh  air  would  be  constantly  streaming  in,  besides  sweeping 
through  at  every  stopping  place.  But  as  passengers  are  always  moving 
■with  the  piston  away  from  the  mouth,  how  is  fresh  air  to  reach  them 
and  displace  that  whicii  enveloped  them  at  starting  ?  Easily ;  the  wind- 
age of  the  piston  would,  or  a  valve  could,  be  made  to  accomplish  that 
perfectly.  No  air  unfit  to  breathe  could  accumulate.  Then,  where  is 
the  difficulty  of  having  sun-light  by  day  as  well  as  lamps  and  candles 
by  night.  As  the  tunnels  require  no  connexion  with  exterior  mechanism, 
instead  of  being  buried  in  the  ground  they  may  be  laid  upon  it  (and 
where  required  supported  above  it,)  by  the  sides  of  common  roads,  over 
fields,  or  through  forests,  as  circumstances  may  suggest,  and  to  have 
plates  of  glass  in  the  roof  and  sides.  Thick  slabs  of  that  material  are 
now  used  on  store  floors  to  transmit  light  below.  I  see  nothing  impos- 
sible in  the  idea  that  atmospheric  tunnels  may  ultimately  be  formed 
chiefly  if  not  wholly  of  glass  instead  of  iron,  romantic  as  it  may  now 
appear. 

There  are  no  more  limits  to  the  length  of  atmospheric  lines  than  to 
railways.  Landing  and  receiving  passengers  at  intermediate  stations 
present  but  little  more  obstructions  in  one  case  than  in  the  other.  At 
each  station  a  hinged  iron  door  fitted  air-tight  to  its  frame  (cast  on  one 
side  of  the  tube)  gives  entrance  and  egress.  But  does  not  that  involve 
the  loss  of  the  existing  vacuum  in  the  untraveled  portion?  Not  at  all. 
The  piston  must  pass  the  door  before  it  can  be  opened  or  the  passen- 
gers reach  it.  It  has  then  only  to  be  anchored ;  and  freed  as  soon  as 
the  change  of  passengers  is  made.  The  officer  at  the  station  may  then 
either  close  the  door  or  leave  it  open  till  the  return  trip  begins.  It 
"would  require  no  fastening  inside  or  out. 

The  rate  of  travel  will  of  course  depend  on  the  extent  or  degree  of 
the  vacuum,  and  that  on  the  power  of  the  exhausting  apparatus.  In 
the  Pneumatic  Railway  from  London  to  Croydon,  about  nine  miles, 
the  pressure  was  eight  pounds  to  the  square  inch  and  the  velocity  30 
miles  an  hour  with  a  train  of  sixty  tons.  "What  would  it  have  been 
with  ten  tons  and  a  tube  without  a  slit  through  its  entire  length?  While 
some  birds  fly  60  miles  an  hour  and  some,  as  frigate  birds,  at  a  higher 
rate  against  the  air,  there  is  little  risk  in  saying  that  passengers  may 
be  blown  by  it  through  vacuum  tubes  at  a  greater  speed,  and  with 
emotions  as  bland  as  those  which  an  agreeable  breeze  imparts  ;  or  with 
feelings  so  slightly  unpleasant  as  to  border  on  pleasure. 

A  Pneumatic  Despatch  Company  has  been  recently  established  in 
London  and  mail-bags  are  being  sent  through  air-tight  tunnels.  Oc- 
casionally a  couple  of  attendants  have  passed  through  "  without  the 
slightest  discomfort,"  A  London  Journal  says,  '*  the  next  step  of  the 
company  will  be  to  lay  tubes  connecting  the  markets  with  the  Camb- 
den  Goods  Station,  with  a  tube  to  the  General  Post-Oflicc  and  Pick- 
ford's  depot  in  Grcsham  street,  and  these  operations  will  eventually 
tend  to  revolutionize  tlic  carrj/iiu/  si/stem  of  t/ie  jnriropolis,  and  relieve 
the  crowded  state  of  our  pririeipal  thoroughfares." 
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Apply  the  principle  to  passenger  traffic  and  how  much  greater  the 
results. 

As  the  connexion  between  morals  and  mechanism  is  inseparable, 
Humanity  has  something  to  say  on  the  subject ;  and  though  self-interest 
may  be  deaf  to  its  teachings  when  they  conflict  with  gain,  there  is  no 
better  listener  when  they  harmonize  with  increased  profits.  There  are 
two  safe  criteria  for  judging  of  inventions.  Every  good  one  is  a  con- 
tributor to  morals,  direct  or  indirect :  a  device  that  lessens  the  demand 
on  living  force  is  an  example  of  the  former,  and  that  which  saves  time, 
of  the  latter.  ^Yhen  air-lines  become  common  Ave  shall  cease  to  wit- 
ness the  noblest  of  quadrupeds  prematurely  worn  out  and  dropping 
from  exhaustion  in  the  streets. 

It  may  be  presumptuous  to  augur  that  steam  locomotives  and  their 
trains  will  ere  long  fail  to  meet  the  demands  of  society;  but  it  would  be 
much  more  so  to  conclude  that  they  comprise  the  perfection  of  mechani- 
cal resource,  and  are  to  be  the  ne  plus  ultra  of  land  traveling  for  all 
time  to  come.  In  nature  nothing  is  born  or  matured  at"  once,  and  in 
art  nothing  springs  complete  from  human  brains.  Inventions,  like 
plants,  are  designed  to  grow  till  they  are  ripe,  and,  when  all  is  got 
out  of  them  that  can  be,  to  give  place  to  others.  When  one  has  ful- 
filled its  promise  in  the  front  ranks  of  civilization  it  is  to  fall  back  till 
it  reaches  the  hindermost.  Ages  may  elapse  before  this  is  done,  or  can 
be  done  while  barbarism  endures.  Flint  implements  continued  in  use 
through  ages  of  bronze,  and  iron  has  not  yet  reached  all  savage  tribes. 

That  the  rapid  transit  of  men  and  merchandise  is  an  important,, 
and  destined  to  become  a  leading  element  in  civilization,  no  one  can 
doubt  who  observes  its  influence  on  the  social,  political,  commercial, 
and  intellectual  world.  If  it  stand  still,  progress  in  other  departments 
must  be  arrested.  Whatever  may  be  the  extreme  limits  to  speed,  there 
is  little  risk  in  asserting  that  the  present  mean  rate  will  in  time  be 
deemed  intolerably  slow.  It  is  not  every  one  that  is  now  satisfied  with 
it,  and  the  number  is  not  small  who  wish  it  were  doubled. 

When  faith  in  progress  becomes  general,  improvements  in  the  arts 
■will  become  common.  The  more  there  is  of  it  the  less  of  that  depress- 
ing unbelief  which  meets  new  projects,  sometimes  with  derision,  always 
with  suspicion,  and  against  which  valuable  novelties  have  to  struggle 
into  life.  Preferring  to  rest  satisfied  with  things  as  they  are,  it  is  doubt- 
less ready  to  ask  what  possibility  there  is  of  any  marked  advance  in 
traveling  by  steam,  and  where  the  necessity  for  it  ?  The  very  objections 
to  mail  coaches  in  the  last  century,  which  were  to  pass  over  roads  good 
and  bad,  night  and  day,  at  the  incredible  average  rate  of  ten  miles  an 
hour :  to  the  first  steamboats  also,  which  if  they  did  not  threaten  to 
upset  and  break  the  limbs  of  their  passengers,  would  subject  them  to 
the  double  risk  of  being  scalded  to  death  or  blown  piecemeal  into  the  air. 

Had  the  leap  from  ten  miles  by  horses,  to  fifty  by  steam,  been  at- 
tempted at  once,  it  would  have  staggered  the  boldest,  and  probably 
have  brought  public  execration  on  the  proposer ;  but  nothing  of  the 
kind  can  take  place.  By  the  law  of  progress,  improvements  are  gradual 
— never  precipitate. 
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The  timid  would  not  willingly  be  now  among  the  first  to  travel  at 
the  rate  of  80  or  100  miles  an  hour,  if  they  even  had  little  fear  of  its 
taking  away  their  breath.  The  feeling  is  a  natural  one  and  therefore 
to  be  respected,  although  it  has  no  rational  foundation.  It  is  chiefly 
ascribable  to  ignorance  of  the  fact,  that  the  highest  speed  no  more 
affects  our  bodily  organs  than  the  lowest. 

Passengers  in  the  cabin  of  a  ship  flying  before  the  wind,  have  no 
more  sensation  of  going  forward  than  when  she  is  lying  at  anchor.  A  bal- 
loon rushing  upward,  or  in  a  lateral  direction,  appears  to  the  aeronauts 
stationary  and  motionless.  In  night  rail  trains  we  walk  to  and  fro,  sit 
and  sleep,  unconscious  of  progression  as  in  a  parlor  or  bed-room.  In 
day-time  it  is  the  same  if  we  close  our  eyes  to  objects  outside.  Jolts 
from  obstructions  and  irregularities  of  roads,  with  changes  of  direction 
and  diversities  of  speed,  tell  us  we  are  moving.  In  a  perfect  system  of 
travel  there  could  be  no  sense  of  motion  at  all,  whether  the  rate  was 
one  mile  an  hour  or  a  hundred,  or  five  hundred.  And  even  that  is  a 
snails  pace  wjien  we  look,  and  we  ought  often  to  look,  beyond  our  potty 
doings  to  those  of  the  Great  Engineer.  Our  earth  is  one  of  a  line  of 
passenger  cars  that  conveys  us  through  space  at  a  mean  velocity  of 
08,000  miles  an  hour,  without  disturbing  a  loose  brick  on  a  chimney, 
or  displacing  a  grain  of  dust,  proclaiming  the  fact  that  uniformity  of 
motion  is  equivalent  to  rest,  and  suggesting  that  as  with  time  and 
eternity,  heat  and  cold,  light  and  darkness,  attraction  and  repulsion,* 
&c.,  rest  and  motion  are  one.  Hence  if  the  time  should  ever  come 
when  1000  miles  an  hour  can  be  done,  old  ladies  and  young  children 
will  be  no  more  inconvenienced  than  now,  and  in  all  probability  not 
near  as  much. 

But  what  are  the  main  defects,  or  deficiencies,  of  the  railway  system, 
which  make  their  removal  or  mitigation  already  a  desideratum  i  1. 
By  a  certain  law  the  speed  is  confined  within  limits  which  cannot  suf- 
fice to  meet  the  requisitions  of  a  progressive  world,  and,  2.  It  is  not  at 
all  commensurate  with  the  power  expended.  A  train  of  cars  meets 
Avith  a  resistance  from  the  air  that  increases  with  the  speed.  Wluit  it 
is  may  be  deduced  from  the  force  of  wind  against  bo<lies  at  rest.  When 
blowing  at  the  rate  of  20  miles  an  hour  the  force  is  nearly  2  lbs.  on 
the  sc^uare  foot,  at  25  miles  over  3  lbs.,  at  35  miles  G  lbs.,  at  50  miles 
12  lbs.,  at  100  miles  nearly  50  lbs.,  ifcc.  The  cost  of  power  for  thus 
merely  clearing  the  way  for  a  train  is  therefore  very  great ;  but  there 
is  an  outlay  still  greater  which  yields  no  return,  and  in  itself  sufficiently 
demonstrates  that  mechanical  science  is  at  an  incalculable  distance 
from  its  progressive  terminus.  Every  observer  knows  how  large  a  por- 
tion of  the  strength  of  draft  animals  is  expended  not  on  the  loads  but 
on  the  vehicles  and  drivers.  In  the  weight  of  carts,  drays,  and  omni- 
buses, the  largest  portion  of  the  driving  force  is  unproductive.  In 
steam  trains  it  is  believed  that  with  every  ton  of  passengers  not  less 
than  two  tons,  some  say  three,  of  wood  and  iron,  fuel  and  attendants, 
t^c,  are  borne  along.     That  is  to  say,  two-thirds  of  the  power  is  con- 

*  See  Cursory  Thoughts  on  ^Natural  Phonomona  and  tho  Unitv  of  Force.    >'cw 
York,  IbW. 
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sumed  to  maJce  one-third  productive,  and  less  than  one-third  when  light 
loads  are  carried.  Though  steam  cars  are  not  dragged  hither  and 
thither  to  collect  loads,  there  is  always  a  waste  of  power  before  start- 
ing and  after  stopping. 

The  wear  and  tear  of  locomotive  engines  is  great  and  the  cost  of 
working  them  enormous.  Their  liability  to  be  thrown  off  the  tracks, 
and  to  collisions  is  constantly  enforced  on  us  by  current  accounts  of 
such  costly  accidents. 

The  advantages  sought  for  in  the  atmospheric  system  are  therefore, 
greater  speed  and  less  outlay  of  working  power — no  "rolling  stock." 

The  leading  requisition  is  rapid  transit,  and  for  ail  practical  pur- 
poses the  velocity  of  a  piston  rushing  into  a  vacuum  is  unlimited.  At 
all  events,  something  approaching  to  100  miles  an  hour  may,  we  pre- 
sume, be  attained  with  equal  safety  and  a  smoother  motion  than  by 
open  rail  cars.  Jolting  or  jarring  would  be  reduced  to  a  minimum. 
The  passage  through  the  tubes  might  be  on  runners  instead  of  wheels, 
At  first  nervous  persons  would  be  haunted  with  fear  of  traveling  in 
what  they  would  call  a  close  tube.  But  would  it  be  a  close  one  ? 
Eather  consider  it  a  vaulted  passage  with  sky  lights  and  windows,  and 
(besides  openings  to  get  in  and  out  at  stopping  places),  whose  back 
door  remains  open  till  you  reach  the  front  one.  Granting  that  it  may 
not  be  to  every  one's  taste,  what  is  there  that  is  ?  It  certainly  offers 
some  advantages  over  railways  which  travelers  know  how  to  appreciate ; 
as  freedom  from  rain  and  sleet  in  winter,  wind  and  dust  in  summer, 
and  smoke  (no  trifle)  all  the  year  round.  Add  security  against  run- 
ning off  tracks  and  against  those  terrible  collisions  so  awfully  destruc- 
tive of  life  and  property  that  continue  to  occur,  and  the  most  timid 
will  be  ready  to  say,  "better  a  close  passage  free  of  these  than  an  open 
one  exposed  to  them. 

The  speed  may  be  increased  from  the  slowest  movement  at  starting, 
or  be  uniform  throughout  by  exhausting  the  air  before  starting.  In 
the  latter  case,  there  would  be  a  saving  of  time  and  power,  for  the 
moment  one  load  of  passengers  arrived,  the  force  to  send  back  another 
would  be  accumulating.  That  is,  while  a  locomotive  engine  or  horses 
are  waiting  till  a  train  is  ready  to  move,  the  power  has  done  most  of 
its  work,  and  has  only  to  finish  it  by  drawing  out  the  remaining  air 
as  the  piston  moves  on. 

In  the  simplicity  of  its  mechanism  and  saving  of  power  the  atmo- 
spheric system  is  one  of  great  promise.  The  power  is  expended  more  on 
the  load  and  less  on  the  vehicle  than  in  any  other.  There  are  no  mas- 
sive locomotives  and  tenders  to  generate  and  carry  the  force  to  and 
fro,  and  in  so  doing  unprofitably  consume  most  of  it.  On  the  con- 
trary the  motive  engines  being  stationary  not  a  fraction  can  well  be 
thrown  away  on  the  exhausting  apparatus,  whether  a  load  is  in  tran- 
sit or  not.  Then  as  there  is  no  resistance  in  front  of  a  load  of  pas- 
sengers the  speed  increases  directly  with  the  force.  There  is  another 
advantao^e  that  deserves  more  than  common  attention.  In  the  act  of 
withdrawing  the  resisting  air  in  front  of  a  load  passing  through  the 
tube,  Nature  promptly  and  without  cost  furnishes  the  propelling  power 
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in  the  rear;  whereas  steam  locomotives  gain  nothing  by  overcoming 
the  opposing  fluid.  The  difference  is  quite  as  much  as  between  leading 
a  willin;^  aniiiial  after  you  and  forcing  a  resisting  one  before  you:  the 
more  you  hurry  it  the  rnorc  obstinate  and  refractory  it  becomes. 

These  remarks  are  thrown  out  with  the  iiope  that  they  may  had 
those  interested  in  contemplated  new  Lines  of  Kailroads  to  inform 
themselves  of  the  capacities  of  the  atmospheric  system.  It  is  unneces- 
sary to  enter  into  details  since  most  of  them  have  been  anticipated. 
The  abortive  Pneumatic  Railways  established  the  principle  completely, 
and  what  if  it  failed  in  one  form  of  application  is  that  a  sufficient  reason 
in  this  day  of  great  things  not  to  try  it  in  another':  If  projects  not 
half  so  full  of  promise  as  it  is,  had  always  been  so  treated,  the  world 
would  not  be  wliat  it  is.  Thus  tamely  to  abandon  a  world-wide  desi- 
deratum on  account  of  a  mechanical  difficulty,  and  not  perceiving  the 
lesson  that  difficulty  taught,  will  never  be  sanctioned  by  those  who 
believe  Atmospheric  pressure  is  destined  to  take  its  place  among  popu- 
lar motive  powers,  and  therefore  fitted  to  do  what  others  cannot  do, 
or  in  all  respects  do  as  well.  Every  force  can  do  something  better  than 
another,  and  it  is  the  business  of  the  engineer  to  find  out  what  that  is. 

No  mechanical  experiment  is  without  good  results,  negative  or  posi- 
tive ;  and  the  one  referred  to,  in  showing  that  the  load  must  be  passed 
through  the  tube  instead  of  over  it,  will  repay  to  society  more  than  all 
it  cost:  not  yet  perhaps  in  Europe  if  the  testimony  of  a  recent  writer 
is  reliable,  viz :  that  it  is  there  generally  conceded  that  atmospheric 
pressure  is  of  no  use  to  the  business  of  railways  except  as  n  substitute 
for  ropes  to  pull  trains  uj)  grades  too  steep  for  locomotives.  JIad  a 
moiety  of  the  money  and  ingenuity  laid  out  on  the  attempts  to  connect 
the  piston  with  the  trains  by  a  factitious,  and  practically  impossible, 
device  been  applied  to  illuminate  and  otherwise  fit  up  the  tunnels  for 
the  conveyance  of  passengers,  that  opinion  had  not  been  hazarded  nor 
endorsed. 

The  data  for  determining  the  comparative  economy  of  the  two  sys- 
tems must  be  wide  of  the  view  we  take  of  them,  if  the  expense  of 
working  atmospheric  be  not  one-tJdrd  less  than  that  of  locomotive  lines. 
The  first  cost  may  be  greatly  in  favor  of  the  latter  and  yet  the  dilfer- 
cnce  may  not  be  so  great  as  imagined.  The  durability  for  centuries 
of  a  line  of  tubes  must  be  taken  into  the  account  and  tlie  less  amount 
of  grading  re({uired.  Ascents  and  descents  on  medium  undulating 
ground  would  reijuire  little  or  none.  It  is  not  however  what  a  line 
costs  but  what  it  earns,  and  the  amount  to  be  deducted  from  its  earn- 
ings for  working  it.  That  is  the  main  thing  to  be  considered,  and  it  is 
that  which  seems  to  render  it  all  but  certain  that  the  atmospheric  sys- 
tem is  destined  to  accompany  if  not  to  supplant  the  other. 

1  am  aware  that  the  development  and  progress  of  the  arts  are  as 
much  under  law  as  natural  productions;  that  generic  inventions  appear 
in  a  regular  sequence,  that  they  can  no  more  come  out  of  their  order 
than  living  genera,  that  before  society  is  prepared  to  receive  them  thoy 
would  be  deemed  worthless  abortions  of  whieh  nothing  could  be  mile  ; 
and  that  if  it  were  possible  to  learn  what  discoveries  in,  and  appliou- 
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tions  of,  science  are  to  characterize  remote  cycles  of  time,  they  could 
in  all  probability  be  little  better  appreciated  by  us  than  leading  achieve- 
ments of  our  day  could  have  been  ten  centuries  ago.  The  future  is 
not  to  be  anticipated  in  its  products  any  more  than  in  itself,  in  its 
philosophy  than  in  its  philosophers,  in  its  inventions  than  in  its  inven- 
tors. All  therefore  that  vre  have  to  do,  or  can  do,  is  to  extend  and 
improve  the  apphcations  of  known  principles  and  forces,  and  in  doing 
that  we  open  the  way  for  and  hasten  the  advent  of  others. 

Although  things  below  the  mental  are  as  invisible  as  those  beneath 
the  material  horizon,  fresh  additions  to  the  arts  may  generally  be  found 
by  marking  the  signs  of  the  times.  There  are  always  some  ready  to 
be  adopted.  As  respects  improvements  in  travel,  only  one  has  risen 
fairly  into  sight — the  atmospheric  system.  There  may  be  others  more 
promising,  open  to  clairvoyant  engineers  but  we  shoukl  rather  deem 
them  such  as  are  casting  their  shadows  before  them,  and  not  likely  to 
emerge  into  full  view  for  some  time  to  come. 

That  such  will  come  is  certain.  Indications  of  progress  everywhere 
abound,  and  rfs  respects  engineering,  and  the  arts  generally,  in  a  quarter 
the  most  significant.  Of  the  metals,  iron  has  been  and  is  justly  esteemed 
the  most  valuable  and  indispensable.  The  prime  agent  it  is  also  the 
measure  or  standard  of  civilization.  People  rise  in  the  scale  in  propor- 
tion as  they  employ  it.  This,  its  destined  influence,  is  denoted  by  the 
fact  that  it  occurs  more  abundantly  than  most  others,  and  more  than 
all  or  nearly  all  of  those  in  common  use  put  together.  Its  pre-eminence 
was  early  recognised  and  is  now  more  fully  conceded  than  ever.  With- 
out it  barbarism  and  semi-barbarism  would  still  have  the  world  to 
themselves.  Without  it  where  had  been  steam  engines,  rail  roads,  gas, 
and  water  works,  telegraphs  and  other  ancient  and  modern  achieve- 
ments. They  could  have  had  no  existence  but  in  the  imagination  and 
possibly  not  even  in  that. 

But  passing  what  it  has  done  and  is  yet  to  do,  is  its  glory  to  be 
eclipsed  ?  Or  are  others  to  be  subject  to  it  and  their  applications  to 
depend  upon  it  for  ever?  If  yea,  human  advancement  is  certainly 
limited;  and  the  end  may  be  thought  to  be  almost  in  sight,  since  the 
properties  of  this  metal  are  pretty  thoroughly  known  and  to  a  con- 
siderable extent  made  the  most  of.  Its  consumption  may  be  vastly 
increased  but  progress  implies  more  than  mere  consumption.  As  it 
interposes  serious  checks  to  the  extension  of  engineering,  as  in  beams 
that  bend  and  chains  that  break  with  their  own  weight,  is  it  to  be 
inferred  that  the  application  of  metal  to  these  and  kindred  purposes 
has  reached  the  climax  ?  Decidedly  not. 

It  is  now  ascertained  that  metals  exist  in  greater  profusion  than  iron 
and  with  properties  that  will  make  them  surpass  it  both  as  regards 
the  magnitude  and  variety  of  its  applications.  Two,  of  three  most 
abundant,  are  aluminium  and  magnesium,  the  former  three  times  and 
the  latter  four  times  lighter  than  iron,  and  rivaling  in  their  alloys 
steel  in  hardness  and  tenacity.  One  is  partially  and  the  other  wholly 
free  from  the  cancer  to  which  iron  is  subject — oxidation  from  exposure 
to  the  atmosphere.  These  are  the  very  qualities  wanted.    What  could 
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not  now  be  accomplished  even  in  rapid  traveling  if  locomotive  engines 
and  their  trains  were  reduced  to  one-third  of  their  present  weight, 
and  two  thousand  ton  steamers  ti  five  hundred  tons.  "What  heavy  and 
weak  affairs  our  chain  cables,  su-ipension  and  other  iron  bridges,  &c., 
will  one  day  appear  in  contrast  with  the  neat,  light,  and  lasting  fabrics 
then  in  use.  But  everything — every  metal — in  its  own  order. 

Nc»r  York,  Juii<-  2'JIh,  1861. 

On  Fibres^  for  Brushes. 

From  the  I/OiiJun  M>-cImnic»'  Ma);aziiio,  July,  18M. 

There  is  a  great  demand  just  now  among  brush-makers  for  some 
strong  supple  fibre  which  may  supplement  the  present  supply  of  piassa- 
ba  or  basH  received  from  Brazil.  Two  strong  fibres,  the  produce  of  dif- 
ferent palms,  have  been  for  some  time  received  from  the  two  ports  of  Para 
and  Baliia.  Of  late  less  care  has  been  given  to  the  selection  and  pre- 
paration of  these  fibres  in  South  America,  and  they  are  much  mixed  with 
waste  and  useless  fibre.  The  piassaba  fibre,  and  the  so-called  Mexican 
grass,  the  produce  of  the  leaves  of  Agate,  have  quite  revolutionized  the 
brush  trade  by  cheapening  the  cost  and  replacing  bristles.  Owing  to  the 
improvements  in  Russia,  arising  from  attention  to  bacon  and  ham  cur- 
ing, bristles  are  less  stout  and  plentiful  than  they  used  to  be  from  the 
wild  hogs.  The  attention  of  residents  in  tropical  regions  may  therefore 
be  drawn  with  advantage  to  the  demand  for  new  fibres  for  brush-making, 
street  sweeping  machines,  and  chimney  cleaning  brushes.  The  midribs  of 
the  leaves  of  many  of  the  palms,  a  stronger  and  stouter  substance  than 
the  kittool  andejoo  fibres  of  Ceylon  and  the  East,  are  what  is  wanted, 
and  probably  some  wiry  grasses  like  the  esparto  might  be  experimental- 
izeil  upon  with  advantage.  They  wouhl  realize  a  good  price  if  suitable 
and  to  be  obtained  with  regularity  and  in  quantity. 


Deposit  in  Boilers. 

From  thi>  lA>ii(lon  Mechanics'  Magnaine,  July,  1861. 

giiR: — As  you  requested  me  to  inform  you  how  I  got  on  with  my 
experiments  on  removing  the  deposit  from  steam  boilers  Avith  ordinary 
Bteam,  I  beg  to  inform  you  of  the  result. 

I  had  the  boilers  blown  off  on  Saturday  evening,  and  on  Sunday 
morning  at  six  o'clock  I  commenced  letting  tlu*  steam  into  them.  I  kept 
the  supply  of  steam  up  to  eleven  o'clock,  with  a  slight  ilame  from  fag- 
gots both  in  tube  and  Hue;  I  then  opene<l  the  manholes.  The  men 
went  in  on  Monday,  when  they  succeeded  in  removing  about  one-third 
more  deposit  than  had  ever  been  got  out  before,  although  the  boilers 
wore  working  a  week  less  than  their  usual  time.  I  also  find  we  aro 
doing  the  same  amount  of  work  since  with  a  slight  decrease  in  our 
consumption  of  fuel. 

By  taking  these  things  into  consideration,  I  am  inclined  to  believe 


280  Mechanics^  Physics,  and  Chemistry. 

that  -we  have  done  some  good,  although  upon  going  into  the  boilers  I 
could  not  see  much  difference  in  their  condition.  Still  it  is  my  inten- 
tion to  try  the  process  every  time  we  clean  out,  which  is  about  once 
a  month,  and  I  am  sanguine  that  eventually  the  boilers  will  become 
thoroughly  clean. 

It  is  my  intention  to  use  the  soda  ash,  as  you  suggested.  I  should 
be  very  much  obliged  if  you  would  inform  me  what  quantity  I  ought 
to  use.  In  my  former  letter  I  gave  you  the  dimensions  of  the  boilers. 
Our  consumption  of  coal  is  about  1  ton  10  cwt.  per  day. 


Process  for  making  Shot. 

From  tho  London  Mechanics'  Magazine,  July,  1864. 

Captain  Palliser,  of  the  18th  hussars,  has  produced  strong  and  ex- 
ceedingly cheap  shot  by  a  simple  process.  Instead  of  casting  the  shot 
in  sand  and  allowing  the  surface  to  cool  gradually,  the  metal  is  pour- 
ed into  a  cold  iron  mould  so  as  to  cool  the  surface  with  the  utmost 
possible  rapidity  long  before  the  interior  has  hardened.  In  this  way  a 
ball  is  turned  out  which,  to  judge  from  recent  trials,  combines  almost 
the  hardness  of  steel  with  the  destructive  effects  of  a  segment  shell. 
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Description  of  Messrs.  Borie  ^  Mackies  Cork  Cutting  Machine. 
Patented  September  29th,  1863. 

On  reference  to  the  accompanying  cuts,  c,  c,  c,  c,  are  parallel  cross 
pieces  of  a  frame  work  in  front  of  which  revolves  the  vertical  contin- 
uous knife,  A,  the  latter  being  secured  to  the  edge  of  a  horizontal  disk,  B. 
In  the  rear  ends  of  the  cross  pieces  turns  a  shaft  e,  to  which  are  secured 
arms  F,  the  latter  being  connected  by  rods  e  to  a  frame  d,  which  slides 
in  slots  a  in  the  cross  pieces  c ;  the  journals  of  the  shafts  c  and  c'  turn- 
ing in  the  said  frame.  On  each  of  the  shafts  c  is  a  toothed  pulley  J, 
■which  engages  with  a  smaller  pulley  j'  on  the  shaft  c'. 

To  an  arm  t?,  projecting  from  the  side  of  one  of  the  cross  pieces  c, 
is  hinged  one  end  of  a  plate  H,  the  other  end  of  which  is  attached  to  a 
rubber  spring  o,  the  latter  tending  to  draw  the  end  of  the  plate  to- 
wards the  cross  piece ;  and  in  the  said  plate  is  a  slot  /  enlarged  at 
each  end,  through  which  projects  the  outer  end  of  one  of  the  shafts  c', 
there  being  a  collar  i  on  the  said  shaft,  of  such  a  size  that  it  can  pass 
freely  through  the  enlarged  ends  of  the  slot,  but  not  through  the  small- 
er portion  of  the  same. 

A  spring  w,  coiled  round  the  shaft  c',  is  attached  at  one  end  to  the 
frame  d,  and  at  the  other  to  a  collar  w,  which  turns  freely  but  cannot 
move  laterally  on  the  shaft. 

In  suitable  bearings  at  the  under  side  of  the  cross  pieces  c  turn 
the  journals  of  two  driving  pulleys  I,  which  are  so  situated  that  when 
the  parts  of  the  machine  are  in  the  position  shown  in  Figs.  1  and  3, 
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the  peripheries  of  each  of  the  driving  pulleys  will  be  in  contact  with 
that  of  the  pully  J  above  it. 

When  the  machine  has  to  be  used,  a  rotary  motion  in  the  direction 
of  the  arrow  is  imparted  to  the  knife  A  and  to  the  drivinf;  pulleys  I ; 
a  block  of  cork  is  then  inserted,  in  the  manner  described  hereafter, 
between  the  disks,  k  k  and  a  vibrating  motion  is  irafarted  to  the  shaft 
E.  The  first  movement  of  the  shaft  K  and  its  arras  F  in  the  direction 
of  the  arrows  (Fig.  1)  will  move  forward  the  frame  D  and  the  shafts  e 
and  c',  the  peripheries  of  the  pulleys  J  will  be  brought  in  contact  with 
those  of  the  revolving  pulleys  I,  and  a  rapid  rotary  motion  will  thus 
be  imparted  to  the  shafts  c  and  c',  and  to  the  block  of  cork,  which,  as 
it  is  brought  in  contact  with  the  knife  A,  is  rapidly  cut  to  a  cylindrical 
form. 

As  the  frame  D  approaches  the  limit  of  its  forward  motion,  the  col- 
lar i  is  brought  opposite  the  enlarged  portion  of  the  slot  /,  and  the 
plate  H  is  carried  over  the  said  collar,  and  brought  against  the  side  of 
the  cross  piece  c,  by  the  action  of  the  rubber  spring  o.  As  the  frame 
is  drawn  back  the  collar  /  will  bear  on  the  outer  side  of  the  inclined 
plate  ir  and  the  shaft  c'  will  thus  be  moved  laterally  so  that  the  disk 
k  will  cease  to  bear  on  the  block  of  cork,  which  will  fall  into  a  suitable 
receptacle. 


Another  block  of  cork  is  now  placed  in  the  position  shown  by  dotted 
lines,  Fig.  1,  and  as  the  frame  D  is  drawn  still  further  back,  the  distance 
between  the  disks  /:  is  increased  until  each  is  opposite  one  end  of  tlie 
cork,  when  the  collar  /  will  reach  the  enlarged  end  of  the  plate  ii  and 
will  pass  through  the  same  as  the  spring  771  draws  back  the  shaft  /;  the 
disk  k  ou  the  end  of  the  shaft  is  thus  brought  to  bear  on  the  cork,  tho 
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latter  being  held  firmly  between  the  two  disks  and  carried  forward  to 
be  operated  on  by  the  wheel  a  in  a  manner  similar  to  that  already 
described. 

When  desirable,  several  of  these  feeding  devices  may  be  placed 
around  one  cutting  wheel  A. 

In  Fig.  2  is  illustrated  a  device  for  maintaining  the  cutting  edge  of 
the  knife  a,  perfectly  sharp. 


0,  is  a  stationary  frame  which  is  situated  at  one  side  of  the  knife  A, 
and  in  which  slides  the  frame  M,  the  latter  being  raised  or  lowered  by 
turning  the  screw  p.  On  each  side  of  the  frame  m  are  brackets  in 
•which  turn  the  journals  of  a  grinding  wheel  L,  one  of  the  latter  being 

so  situated  as  to  grind  the  inner 
/j^^^^^^^^      FIG. 3      edge  of  the  knife  to  the  required 
<«j^^  \   bevel  while  the  other  bears  lightly 
^^  on  the  outer  edge  of  the  same.  The 
grinding  wheels  are  geared  together, 
and  are  connected  with  any  suit- 
able operating  part  of  the  machine 
so  as  to  be  kept  in  constant  rotation. 
As  the  edge  of  the  knife  is  ground 
away,  the  grinding  wheels  are  main- 
tained in  contact  with  the  same  by 
lowering  the  frame  M. 
Messrs.  Borie  &  Mackie  have  now  in  operation  a  machine  in  which 
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there  are  three  feeders  and  a  sharpening  <levice,  situated  at  equal  dis- 
tancoH  arounil  one  cutting  wheel.  An  attendant  is  stationed  at  each 
feeder  wliich  will  feed  over  eleven  thousan<l  corks  per  day  of  ten  hours, 
in  which  time,  therefore,  33,000  corks  are  cut  by  one  machine  with 
three  feeders,  all  of  the  corks  being  as  smooth  au'l  regular  as  those 
cut  by  hand.  By  setting  the  feeding  device  at  an  angle  to  the  knife, 
the  corks  may  be  cut  of  any  desired  taper. 
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Proceedings  of  the  Stated  Monthly  Meeting,  September  lijth,  186i. 

William  Sellers,  President,  in  the  chair. 

John  H.  Cooper,  Recording  Secretary,  pro  tern. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Board  of  Manageiis  and  Standing  Committees  reported  their 
minutes. 

Mr.  Edward  Brown,  exhibited  and  described  a  model  of  a  new 
manner  of  working  the  Slide  Valves  of  Steam  Engines. 

Mr.  Thomas  Shaw  described  a  new  method  of  preventing  the  prim- 
ing of  Steam  Boilers. 

Mr.  Lorenzo  Vance  exhibited  a  model  of  the  apparatus  for  dressing 
Ship  Planks,  patented  by  him,  wliich  he  described,  and  explained  its 
advantages. 

Professor  A.  L.  Fleury  read  the  following  paper  which  he  illustrated 
by  diagrams. 

The  subject  I  have  the  pleasure  to  explain  this  evening  is  one  that 
has  recently  occupied  many  of  the  best  European  metallurgists,  and 
is  one  of  particular  interest  to  this  great  iron-producing  State. 

The  want  of  a  uniform  and  rational  system  of  blast  furnaces  has 
long  been  felt,  and  judging  from  the  reported  results  that  have  been 
obtained  in  the  use  of  a  new  "  Universal  Blast  and  Smelting  Furnace,"' 
the  invention  of  the  Russian  Mining  Engineer,  and  Major  General 
AVoldemar  Piachette,  this  want  seems  to  be  fully  supplied. 

After  three  years  of  most  perfect  success  in  Russia,  where  a  number 
of  large  furnaces  have  been  built  at  the  Iron  and  Copper  Smelting 
Works  of  Prince  Demidoff  at  Nischne  Tagilsk,  at  the  foot  of  the  Ural 
Mountains,  under  the  superintendence  of  the  Mining  Engineer.  Mr. 
Charles  Aubel,  these  results  became  known  in  Germany,  and  Mr.  Aubel 
then  undertook  the  practical  introduction  of  tl»is  fully  tested  invention 
in  that  country.  A  furnace  was  at  once  constructed  under  his  super- 
intendence at  Mulheira  in  Saxony,  and  the  results  which  crowned  this 
undertaking  relieved  every  doubt  as  to  the  working  of  poor  iron  ores 
and  the  general  advantages  that  have  been  claimed  by  the  inventor, 
who  has  not,  as  is  generally  the  case  with  important  discoveries,  been 
led  to  adopt  at  once  his  new  system  ;  it  has  taken  him  many  years  of 
costly  experiments  with  various  forms,  such  as  annular,  elliptical. 
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trapezoidal  and  horse-shoe-shaped  furnaces  to  develope  this  last  suc- 
cessful modification.  Models  of  his  system  of  smelting  furnaces  for 
•working  iron,  copper,  lead,  and  silver-ores,  together  with  the  products 
and  the  authenticated  statements  of  the  advantages  that  were  obtained 
in  Russia  over  the  furnaces  of  the  old  system  were  sent  to  the  great 
World's  Fair  at  London,  and  the  inventor  rewarded  with  the  prize-medal 
of  that  department.  Letters  Patent  for  this  useful  invention  were 
granted  in  Russia,  England,  France,  Belgium,  Sweden,  Austria,  and 
recently  also  in  the  United  States. 

To  give  to  the  members  of  the  Institute  a  full  explanation  of  this 
invention  is  the  object  of  my  present  communication.  This  system  of 
blast  and  smelting  furnaces  differs  from  that  now  in  use  in  several 
distinct,  and  very  important  features,  and  in  order  to  give  a  correct 
idea,  I  deem  it  necessary  to  enter  into  a  more  detailed  description. 

The  inventor  has  called  this  furnace  "  Universal,"  because  the  ex- 
perience of  several  years  has  shown  him  that  with  but  a  slight  modi- 
fication of  the  general  system  it  can  with  equal  success  be  adopted  for 
smelting  of  iron,  copper,  nickel,  tin,  zinc,  lead,  silver,  gold,  and  other 
ores  or  mats,  also  for  the  direct  production  of  cast  steel,  and  the 
liquefaction  of  metals  in  general. 

The  hearth  of  the  Rachette  furnace  (as  seen  in  the  ground  plan  of 
the  annexed  sketch  taken  from  the  working  drawings  of  the  last  built 
iron  blast  furnace  at  Mulheim),  presents  the  shape  of  an  elongated 
rectangle,  and  rises  up  in  the  form  of  an  inverted  square  pyramid. 

The  shape  of  the  furnace,  long,  narrow,  and  comparatively  low,  is 
further  distinguished  by  being  icider  at  the  tunnel  head  (the  top  of 
the  furnace),  and  having  a  double  series  of  tuyeres,  (blast  tubes,)  ar- 
ranged in  alternate,  interchanging  order. 

The  iron  blast  furnace  has  two  working  sides  or  tyraps,  and  under 
its  hearth  and  all  through  the  walls  a  system  of  channels  and  fines,  by 
means  of  which  the  furnace,  tvhile  being  built,  is  dried  out  and  heated 
from  the  outside  to  the  inside,  and  afterwards  ventilated,  in  order  to 
preserve  the  walls  from  being  too  much  expanded  and  injured  by  the 
accumulating  heat. 

The  advantages  developed  and  obtained  by  these  radical  features  of 
the  Rachette  furnace,  compared  with  the  results  of  the  present  furnace 
system  as  stated  in  the  European  journals  may  be  summed  up  as  follows : 

L  A  great  saving  (in  some  instances  of  more  than  one-half)  in 
material,  time,  and  labor  in  their  construction. 

Mr.  Aubel  states  that  the  cost  of  a  Rachette  furnace  (of  2600  cubic 
feet  area)  at  Nischne  Tagilsk  in  Russia,  including  the  tunnel  bridge 
and  furnace-mantle,  was  only  3500  silver  Roubles  (75  c.  in  gold  each) 
and  estimates  that  a  similar  furnace,  producing  about  20  tons  of  cast 
iron  per  day  costs  in  Germany  not  more  than  10,000  Prussian  thalers. 

At  the  present  high  prices  of  labor  and  material  in  this  country,  I 
think  that  a  Rachette  furnace  of  20  tons  per  day  capacity  (exclusive 
of  blast,  and  other  machinery),  can  be  built  for  from  15  to  $25,000. 

The  last  constructed  furnace  at  Mulheim,  Germany,  producing  from 
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20  to  25  tons  of  cast  iron  per  day,  was  built  in  four  months,  and  at 
once  set  to  work. 

From  these  data  the  above  stated  advantage  is  at  once  apparent. 

II.  A  greatly  increased  productiveness,  amounting  in  some  instances 
to  more  than  tliree  times  tlic  ohl  furnaces,  and  a  saving  in  fuel  and 
blast. 

An  iron  furnace  of  the  old  round  form  at  Nischnc  Tagilsk  of  5907 
cubic  feet  capacity,  51  feet  high,  worked  on  magnetic  ore  containing 
07-5  per  cent  of  metallic  iron  with  4578  cubic  feet  of  charcoal  gave 
22  tons  of  gray  pig  iron  per  2-4  hours. 

A  Kachctte  furnace  of  2125  cubic  feet  capacity,  only  2.^"^  feet  high 
•with  VI  tuyeres,  worked  with  a  consumption  of  5341  cubic  feet  of 
charcoal  the  same  ore  to  an  average  yield  of  30  tons  per  day. 

The  Mulheim  llachette  furnace  of  about  2800  cubic  feet  capacity 
yielded  on  the  thirteenth  day  of  its  working  over  21  tons  of  the  best 
gray  pig  iron,  and  this  too  ivith  poor  ore,  and  with  a  consumption  of 
1^  ton  of  coke  to  1  ton  of  iron.  Moreover  the  ores  were  such  that 
from  50  to  55  tons  of  limestone  flux  had  to  be  used  per  100  tons  of 
ore. — AVith  respect  to  the  saving  of  fuel  in  this  furnace  it  must  also  bo 
stated  that  it  only  requires  from  \\  to  2  pounds  pressure,  while  the 
furnaces  of  the  ordinary  form  require  a  blast  of  double  and  three  times 
that  pressure.  Hence  at  the  new  ^lulheim  furnace  half  the  Juel 
formerly  required  for  generating  steam  for  the  blast  engines  is  noio 
saved.  These  results  are  mostly  due  to  the  peculiar  structure  of  the 
furnace. 

Being  low,  and  possessing  an  crtendcd  and  well  regulated  smelting 
zone,  (an  advantage  that  none  of  the  several  furnaces  in  use,  round, 
oval  or  otherwise  shaped  can  present,)  further,  being  widened  at  the 
top,  (an  advantage  Truran,  one  of  our  best  authorities  in  iron  matters, 
has  fully  acknowledged),  the  ores  only  remain  seven  hours  in  the  fur- 
nace, while  the  old  system  of  furnaces  they  remain  from  IG  to  24  hours. 

III.  A  better  and  more  uniform  quality  of  pig  iron. 

The  reported  results  obtained  in  Russia  and  Grrmany  speak  unani- 
mou.^ly  of  the  good  and  uniform  metal  obtained  in  the  llachette  furnace, 
even  as  has  recently  been  demonstrated,  from  an  inferior  and  poor  ore. 

IV.  An  easier  management  of  the  process,  and  less  liability  to  get  out 
of  order,  tohile  at  the  same  time  a  better  preservation  of  the  funuxce 
is  insured. 

The  drying  and  heating  arrangement,  by  means  of  channels  and 
flues,  extending  from  under  the  hearth  through  the  walls  upwards  to 
the  top  of  the  furnace,  has  been  found  of  great  value. 

Not  only  is  the  furnace  thereby  at  a  small  cost  dried  out  and  heated 
fro7n  the  outside  inside,  but  it  serves  also,  when  tlie  furnace  is  at  work, 
to  ventilate  it,  and  to  carry  off  the  excessive  radiated  heat,  and  prevents 
the  furnace  from  becoming  overheated.  This  arranirement  fills  a 
third  important  office,  namely  that  of  making  it  possible  to  rid  tho 
furnace  from  the  so-called  scaff"olding,  (what  however  no  good  iron 
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master  should  allow  to  take  place)  I  mean  thereby  the  adhering  of 
iron  to  the  sides  of  the  furnace.  The  flues  are  so  arranged  that  by 
closing  up  certain  apertures  the  heat  can  be  concentrated  on  any  part 
of  the  furnace  and  so  the  scaflfolding  melted  down  without  recurring 
to  the  expensive  blowing-out  remedy. 

The  number  and  peculiar  arrangement  of  the  tuyeres  deserve  also 
some  consideration.  They  are  not  placed  opposite  each  other — but 
in  an  interchanging  aUernate  order.  A  regular  and  continuous  sw^//- 
ing  zone  is  thereby  obtained,  while  at  the  same  time  the  peculiar  rotary 
motion  that  is  imparted  to  the  smelting  particles  facilitates  their  con- 
tact with  the  carbon  of  the  fuel  to  a  much  better  extent  than  the  oval 
or  circular  system.  Five  to  six  tuyeres  have  hitherto  been  considered 
best  adapted  for  iron  smelting  about  2  feet  apart. — For  copper  and 
lead  16  to  24  tuyeres  have  been  employed  to  advantage.  The  inven- 
tor has  also  successfully  used  so  called  '•'-slit  blast  boxes"  whereby  the 
wind  is  introduced  in  one  continuous  sheet.  The  manner  of  charging 
the  furnace  is  the  same  as  used  in  others,  except  that  the  ore  and  flux 
are  fed  more  around  the  outer  edges  of  the  tunnel  head,  Avhile  the 
coal  is  placed  more  toward  the  middle.  The  flux  and  ore  are  thereby 
brought  more  into  immediate  contact  with  the  blast  and  smelting  zone, 
leaving  the  fuel  more  toward  the  middle.  Tins  has  been  found  to  give 
a  decided  improvement  in  the  saving  of  fuel  and  more  perfect  reduc- 
tion of  the  ore. 

The  following  dimensions  have  been  found  by  Mr.  Aubel  to  be  the 
best  adapted  for  iron  furnaces : — 

Height  about  30  feet;  width  of  hearth  at  the  base  2f  to  3  feet; 
length  of  hearth  16  to  18  feet ;  width  at  the  top  about  7  feet. 

We  will  now  consider  the  success  which  has  been  obtained  by  the 
use  of  the  Rachette  furnace  for  the  reduction  of  copper  said  lead  ores. 

In  a  copper-smch'mg  furnace  of  this  construction  in  Russia  53|  tons 
of  copper  ore  were  smelted  in  24  hours,  while  in  a  furnace  of  the  old 
construction  not  more  than  8|  tons  could  be  produced  in  the  same  time. 
A  furnace  of  this  kind  therefore  replaces  6  to  7  furnaces  of  the  old  sys- 
tem. Comparative  tables,  sent  from  St.  Petersburgh  show  further 
remarkable  economy  in  fuel  (from  25  to  33  per  cent.)  and  a  great 
saving  in  labor  : — 

The  working  of  the  Rachette  furnace  has  been  found  to  be  much 
easier  and  the  slags  more  regular  and  about  0,  1  per  cent  poorer  than 
those  taken  from  the  old  furnaces.  The  duration  of  a  smelting  period 
in  Russia  is  usually  50  to  60  days,  the  Rachette  furnace  however,  has 
made  a  working  of  more  than  140  days  without  interruption. — As  was 
the  case  with  the  iron  furnaces,  the  attention  of  eminent  German 
metallurgists  was  also  directed  to  the  adaptation  of  the  Rachette  furnace 
for  smelting  copper  and  lead. 

Mr.  0.  Hartman  in  Saalfield,  Germany,  communicates  some  interest- 
ing trials  which  he  has  made  with  a  diminutive  Rachette  furnace  for 
smelting  of  copper.  Tliis  furnace  has  a  length  of  4|  feet  below  and  above, 
is  10  feet  high,  3  feet  wide  at  the  hearth,  and  4|  feet  wide  at  the  top. 
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These  tuyeres  on  each  side  supply  the  blast ;  the  hearth  from  the  fire 
wall  to  the  front  has  a  fall  of  4  inches  and  the  tuyeres  are  so  placed  as 
to  correspond  with  this  fall  and  are  23  inches  above  the  hearth.  The 
blast  is  supplied  by  a  rotary  fan-blower  of  3  feet  diameter,  making 
about  1100  revolutions  per  minute.  The  result  is  reported  to  be  of  a 
most  satisfactory  nature.  In  24  hours  15  to  20  tons  of  ore  were 
worked  up,  and  the  fullest  satisfaction  in  every  respect  obtained. 

Another  furnace  on  the  Rachette  system  has  recently  been  built 
at  the  Altenau,  (Germany)  silver  works  for  smelting  of  lead  ores  and 
is  now  in  most  successful  operation. 

This  furnace  is  20  feet  high,  7  feet  4  inches  long,  3  feet  below  and 
4|  feet  wide  on  the  top.  5  tuyeres  on  each  side  (1-^-  in.  diameter), 
furnish  the  blast  about  16  inches  above  the  hearth.  It  was  set  to 
work  on  the  28th  of  June  this  year,  and  has  smelted  up  to  the  2d  of 
July,  10  J  tons  of  lead  with  the  average  consumption  of  1  j)ound  of  coke 
to  10  jjounds  of  ore,  while  another  furnace  of  the  old  construction  did 
not  in  the  same  time  produce  more  than  4  tons  and  150  tons  of  lead 
with  an  average  consumption  of  1  to7i  of  coke  to  7  tons  of  ore, 

Mr.  Aubel  mentions  also  the  adaptability  of  the  Rachette  furnace 
for  the  smelting  of  cast  steel,  cither  from  the  ore  or  from  the  adapted 
materials,  such  as  wrought  and  cast  iron,  or  cast  iron  and  oxides.  I 
beg  to  call  your  attention  more  particularly  to  this  point  of  importance. 
The  above  named  gentleman  states  that  he  has  succeeded  in  melting 
Platinum  before  the  mouth  of  a  tuyere  ; — there  is  therefore  no  reason 
why  this  class  of  furnace  will  not  answer  for  the  production  of  large 
masses  of  steel. 

I  learn  that  the  assignee  in  this  country,  Mr.  Alexander  Trippel, 
chemist  at  the  Lehigh  Zinc  works  at  Bethlehem,  Pa.,  has  invited  Mr. 
Charles  Aubel  to  come  to  this  country  and  assist  in  the  introduction 
of  the  Rachette  furnace.  Several  parties  have  already  declared  their 
intention  to  build  furnaces  on  this  new  system  and  a  smelting  work  is 
contemplated  in  the  neigiiborhood  of  New  York  where  furnaces  for 
smelting  lead  and  copper  on  this  principle  will  be  erected. 

The  great  importance  of  this  improvement  to  all  iron  masters  in  its 
economy  and  results  has  induceil  the  owner  of  the  patent  in  this 
country  to  make  arrangements  to  form  a  company  of  such  parties  as 
will  at  once  interest  themselves  in  the  introduction  of  the  system. 

Those  wishing  further  information  can  address  Mr.  A.  Trippel, 
Bethlehem,  Pa.,  A.  L.  Fleury,  care  National  Hotel,  New  York,  or 
C.  B.  Norton,  Esq.,  151,  Broadway,  New  York. 

DESCRIPTION  OF  PLAfE  V. 
Fig.  1  Front  View. 
"      2  Vertical  Section.     A,  the  interior;  a,  a,  tuyeres;  b,  the  chamber;   e,  e, 

flues. 
"      3  Longitudinal  Section. 

♦«      4  Horizontal  Section  of  the  Hearth.     .1,  the  hearth ;  a,  a,  the  tuyeres. 
•«      5  Horizontal  Section  of  the  Hearth,     c,  the  heating  chamber ;  6,  the  flue». 
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A  Comparison  of  some  of  the  Meteorological  Phenomena  of  September,  18G4,  tvitJi 
those  of  September,  1863,  a7id  of  the  sa?ne  month  for  fourteen  years,  at  Philadel- 
phia, Pa.  Barometer  60  feet  above  mean  tide  in  the  Delaware  River.  Latitude  39® 
57i^  N.;  Longitude  75°  10^^  W  from  Greenwich.  By  J.  A.  Kirkpatrick,  A.  M. 


September, 

September, 

September, 

1864. 

1863. 

for  14  years. 

Thermometer — Highest — degree,     . 

81-00° 

83-00° 

95-00° 

"                       '«           date, 

24th. 

7th  &  17th. 

12th  1851. 

"               Warmest  day— Mean, 

75-00 

77-17 

85-20 

"                     "           "        date, 

24th. 

7th. 

6th  1854. 

"                Lowest — degree, 

51-00 

41-00 

39-00 

"                       "          date. 

26th. 

27th. 

25th  1856. 

"                Coldest  day— Mean, 

58-50 

51-67 

51-30 

"                      "         "       date,  . 

25th. 

26th. 

SUth  1853. 

"                Mean  daily  oscillation, 

12-30 

14-65 

16-46 

"                    "        "     range,    . 

4-82 

4-22 

4-67 

"                Means  at  7  a.m  ,     . 

63-22 

61-57 

62-61 

2  P  M.,        . 

70-78 

70-68 

74-38 

"                           "                9  P.M., 

66-32 

04-70 

66-54 

"                     "for  the  month. 

6<3-77 

65-65 

67-84 

Barometer — Highest — Inches, 

30-117  in. 

30-312  in. 

30-430  in. 

"                  "         date. 

8th. 

23d. 

16th  1851. 

"           Greatest  mean  daily  press. 

30-072 

80-244 

30-381 

"                "         date. 

7th. 

23d. 

16th  1851. 

*'           Lowest — Inches, 

29-450 

29-281 

29-281 

"                "         date, 

24th. 

18th. 

18lh  1863. 

"          Least  mean  daily  press., 

29-533 

29-460 

29-403 

"                 "         date. 

24th. 

18th. 

lGth]858. 

"           Mean  daily  range, 

0-103 

0-116 

0-122 

"           Means  at  7  a.m.. 

29-786 

29-940 

29-957 

"                      "             2  P.M., 

29-700 

29-896 

29-917 

"                 "           y  P.M., 

29-795 

29-939 

29-939 

«'                 "     for  the  month,   . 

29-780 

29-925 

29-938 

Force  of  Vapor — Greatest — Inches, 

0-74]  in 

0-784  in. 

0-991  in. 

"             "               "             date,     . 

24th. 

17th. 

6th  1854. 

"             "          Least — Inches, 

•258 

-166 

-161 

«'            "              "       date. 

25th. 

26th. 

29th  1860. 

*'            "         Moans  at  7  a.m.,    . 

-442 

•423 

-468 

"               "                "               2  P.M.,     . 

•439 

-452 

•489 

'<                «<                 *«                9  P.M.,     . 

•454 

-449 

•507 

'«             ««             "       for  the  month, 

-445 

-441 

•488 

Kelative  Humidity — Greatest — per  ct., 

07-0  per  ct. 

90-0  per  c. 

100^0  per  ct. 

"             "                     "            date, 

5th. 

18th. 

2d  1854. 

"             "                Least — per  ct.. 

39  0 

38-0 

29-0 

"             «'                     "        date,    . 

16th. 

22d  &  26th. 

2d  1859. 

"             <'                Means  at  7  A.M., 

74-5 

72-6 

78-1 

"                "                         "             2  P.M., 

57-8 

57-6 

55-9 

"                "                         "              9  P.M., 

69-5 

69-8 

74-0 

"             "                     "for  the  month 

67-3 

66-6 

69-3 

Clouds — dumber  of  clear  days,*    . 

8 

11- 

11-2 

"             "                cloudy  day?,     • 

22 

19- 

18-8 

"         Meansof  sky  cov'dat  7  A.M., 

62-3  per  ct. 

54-3  p  0. 

56-0  per  ct. 

"             "             "       "          2  p.m., 

70-7 

53-7 

52-0 

"                "                "         "              9  P.M., 

47-7 

40-7 

36-2 

"             "             "       for  the  month, 

60-2 

49-6 

48-2 

Rain. — Amount, 

7-317  in. 

0-978  in. 

4-073  in. 

No.  of  days  on  which  Rain  fell, 

13. 

7- 

8-1 

Prevailing  Winds — Times  in  1000 

s69°25'w244 

n47°7'-w  -115 

s89°25'w.l89 

♦  Skv  one-third  or  less  covered  at  the  hours  of  obBervatioD. 
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Steam  and  Water  Pressure  Gauges. 

From  the  London  Mechanics'  Magazine,  June,  1SG4. 

A  BRIEF  review  of  the  different  very  ingenious  and  scientific  instru- 
ments employed  for  ascertaining  fluid  pressure  may  be  useful,  and  the 
examination  will  certainly  not  be  without  interest.  Some  of  these  in- 
struments are  based  upon  very  philosophical  principles,  and  it  will  be 
worth  while  to  see  how  these  principles  withstand  the  rough  contact  of 
daily  practice.  Steam  gauges  are  now  looked  upon  by  no  means  as  "  luxu- 
ries," though  they  have  been  so  termed  by  an  eminent  writer  on  the  lo- 
comotive. Their  necessity  is  recognised,  not  merely  as  measures  of  the 
safety  of  the  boiler,  but  also  as  affording  a  finger-post  to  the  fireman, 
who  at  once  knows  by  the  indicator  the  state  of  the  steam.  Partly  for 
this  reason,  one  or  two  fitters  are  employed  on  some  of  the  French 
lines  all  round  the  year  solely  to  travel  up  and  down  and  keep  the 
steam  gauges  in  order.  It  is  true  that  a  practised  touch  at  the  much 
less  delicate  safety  valve  lever  will  perform  a  somewhat  similar  ser- 
vice, but  no  engineer  need  be  told  that  a  weighted  lever  is  a  very 
rough  measure  of  fluid  pressure.  And  the  observation  applies  to  the 
water  pressure  of  a  hydraulic  press  as  well  as  to  steam  or  air  pressure. 

Pressure  gauges  may  be  divided  into  four  distinct  kinds,  according 
to  the  leading  constructive  principle  adopted  : — 1.  The  mercurial 
pressure  gauge — upon  the  principle  of  hydrostatic  pressure  ;  2.  The 

Vol.  XLVIII.— Third  Sebiis.— No.  5.— Novembjer,  1864.  25 


290  Civil  Engineering. 

air  manometer,  in  which  the  principles  of  both  hydrostatic  and  pneu- 
matic pressures  are  combined ;  3.  Gauges  in  which  the  pressure  of 
steam  is  deducted  from  its  temperature;  4.  Metallic  gauges,  in  which 
the  elasticity  of  metal  is  used  as  a  measure  of  fluid  pressure.  This 
last  kind  of  gauge  may  be  said  to  have  almost  entirel}''  superseded  the 
others  for  most  purposes,  on  account  of  the  very  little  attention  they 
require,  and  from  other  advantages. 

The  mercurial  pressure  gauge  consists  of  a  U-shaped  tube  like  a  sy- 
phon barometer.  Its  lower  part  contains  mercury  ;  to  its  legs  is  at- 
tached a  divided  scale,  and  one  leg  communicates  with  the  vessel  con- 
taining the  fluid  while  the  other  is  open  to  the  air.  The  difference  of 
the  two  levels  thus  shows  the  diff"erence  between  the  pressure  of  the  steam 
or  water,  and  the  pressure  of  the  external  air.  When  an  iron  tube 
is  used,  the  level  of  the  mercury  has  to  be  shown  by  a  steam  peg  or 
float  on  its  surface.  The  water  stand-pipe,  used  in  the  old  low-pressure 
engines  to  feed  the  water  in  by  hydrostatic  pressure  may  be  said  to  have 
been  a  water-pressure  gauge.  In  both  cases,  an  undue  excess  of  pres- 
sure led  to  either  the  water  or  the  mercury  being  blown  out  of  the 
pipe, — rather  an  expensive  kind  of  safety-valve,  in  the  matter  of  quick- 
silver. The  common  mercurial  pressure  gauge  may  be  said  to  be  the 
only  gauge  which  per  se,  ocularly  demonstrates  its  own  exactitude. 
As,  however,  the  column  of  mercury  would  require  to  be  some  twen- 
ty-eight inches  high  in  order  to  balance  the  fifteen  pounds  pressure 
of  the  atmosphere,  or  fifteen  pounds  pressure  of  steam,  or  a  head  of 
about  thirty  feet  of  water,  it  is  needless  to  say  that  such  a  gauge  is 
inapplicable  to  a  high  pressure  boiler.  Common  gauges  should,  how- 
ever, be  graduated  from  a  standard  gauge  of  this  kind.  The  use  of  a 
small  safety-valve  for  the  purpose  shows  great  ignorance.  To  gradu- 
ate them  from  a  metallic  test  gauge  of  course  saves  much  trouble  to 
the  maker,  but  the  plan  is  scarcely  as  much  in  the  interest  of  the 
buyer.  Some  fifteen  or  twenty  years  ago,  a  complicated  variety  of 
this  gauge  was  in  use  in  France,  under  the  name  of  the  Manometre 
(X  air  libre  de  Richard.  It  is  fully  described  in  one  of  the  numbers 
of  our  contemporary,  the  "Annales  des  Mines,"  for  1845.  It  con- 
sisted of  a  syphon  with  several  branches,  in  communication  one  with 
another,  filled  Avith  mercury  in  the  lower  part,  and  with  water  in  the 
top  portions,  in  such  wise  that  the  dilferences  of  level  of  the  mercury 
in  the  tubes  were  added  to  each  other.  The  same  French  periodical 
for  1847  contains  a  description  of  an  ingenious  instrument  invented 
by  M.  Gazy  Cazalat.  The  steam  acts  on  a  piston  of  a  certain  diame- 
ter, the  mercury  on  a  larger  piston,  and  the  pistons  are  kept  tight  by 
membranes  of  vulcanized  india-rubber.  By  properly  proportioning 
the  relative  surfaces  of  the  two  pistons,  the  column  of  mercury  in  the 
open  tube  may  be  made  as  short  as  one  likes.  Neither  of  these  ingenious 
instruments  is  now  in  use,  having  been  superseded  by  the  metallic  gauge. 

The  same  fate  may  be  said  to  have  attended  the  air  manometer,  al- 
though an  improved  form  of  this  instrument  has  been  lately  brought 
forward  by  Mr.  Allan,  of  Perth,  the  inventor  of  the  straight  link  mo- 
tion. The  common  air  manometer  is  a  long  vertical  glass  tube,  closed 
at  the  top  end,  which  contains  air.     The  mercury  in  the  bottom  part 
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soon  gets  oxidized,  and  discolors  the  glass,  so  that  the  level  cannot  be 
reiwl.  The  refraction  of  the  glass  also  distorts  the  scale.  A  slight 
rise  of  temperature  of  the  compressed  air  would  also  greatly  affect  the 
indications.  As  a  consequence  of  Mariotte's  law  of  tiie  C' impression 
of  gases,  the  higher  pressures  are  more  difficult  to  read  off  in  a  tube 
of  equal  diameter  throughout.  This  objection  has  been  obviated  by 
Mr.  AHan  and  others  by  means  of  tapering  the  tube  towards  the  top, 
but  it  does  not  appear  that  the  other  defects  have  been  met  at  the 
same  time.  Steam  pressure  gauges  of  this  kind  are  forbidden  by  law 
under  most  of  the  continental  governments. 

ThcrmOmanometers,  or  steam  gauges  indicating  the  pressure  of 
steam  by  means  of  its  temperature,  generally  consist  of  a  large  ther- 
mometer graduated  to  atmospheres.  Callardeau's  thermomanomctcr 
(1821J)  was  of  this  kind.  The  fragility  of  the  instrument,  and  its  want 
of  sensibility  and  slowness  of  indication,  have  caused  it  to  be  aban- 
doned. We  remember  to  have  seen  an  instrument  of  this  kind  in  use 
on  a  boiler  in  Mr.  W.  Fairbairn's  works  at  Manchester,  some  years 
ago.  Thermometers  have  been  made  on  the  well-known  compensating 
priiici))lc  used  in  chronometers  and  compensation  pendulums.  Two 
bent  strips  of  copper  and  steel  wore  riveted  or  soldered  together,  and 
the  une(|ual  expansion  by  heat  of  the  two  metals  caused  a  movement 
which  was  registered  by  a  wheel  and  quadrant  in  the  usual  way.  Wo 
do  not  know  whether  steam  gauges  have  been  attempted  on  this  plan — 
but  the  galvanic  corrosion  consequent  on  the  contact  of  the  two  metals 
in  the  presence  of  moisttire  would  porbably  soon  alter  the  instrument. 

Under  the  broad  heading  of  metallic  gauges  comes  a  great  variety 
of  instruments  for  measuring  fluid  pressure  by  means  of  the  graduated 
motion  of  a  metallic  spring.  Mr.  D.  Gooch's  steam  gauge  may  bo 
]daccd  under  this  classification.  It  consists  of  a  piston  working  in  a 
cylinder  against  a  spiral  spring — in  fact,  very  much  like  an  ordinary 
MacXauijlit  indicator  without  the  drum.  Thev  have  not  come  into  use 
maiidy  on  account  of  the  incrustation  of  the  boiler  clogging  the  piston. 
Similar  instruments  were  used  on  French  locomotives  nearly  twenty 
years  ago.  The  cylinder  was  kept  pretty  clear  by  being  separated 
from  the  boiler  by  means  of  a  tap.  But  it  is  plain  that  the  intermittent 
indications  thus  afforded  were  not  much  more  than  those  to  be  obtain- 
ed from  the  safety-valve  lever.  Messrs.  Easton  and  Amos,  the  hy- 
draulic engineers,  use  a  gauge  upon  this  principle  on  a  hydraulic  press 
at  their  works,  but  they  do  not  trust  to  it  very  much.  Messrs.  Smith's 
(of  Nottinghatn)  gauges  may  also  come  under  this  category.  A  volute 
spring  takes  the  pressure  through  the  intermedium  of  an  india-rubber 
disk  stretche<l  across  the  tube.  Messrs.  Salter  &  Co.  also  use  an  in- 
dia-rubl>er  disk  in  this  wa}',  which  performs  the  same  function  as  in 
Gazy  Cazalat's  old  gauge.  Amongst  other  objections  these  gauges 
arc  liable  to  injury  in  course  of  time,  through  the  induration  of  the 
intlia-rubber,  caused  by  its  partial  corbonization.  The  cheapness  of 
the  plan  has  led  to  several  others  of  its  form  ;  but  it  is  one  thing  to  make 
a  gauge  that  will  be  accurate  at  first,  ami  it  is  another  thing  to  luako 
one  that  will  keep  right  for  a  length  of  time. 
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A  German  -writer  has  neatly  classified  the  difi'erent  principles  of 
purely  metallic  gauges  under  the  following  heads: — 1.  Every  hollow 
ball,  subjected  internally  to  the  pressure  of  a  fluid,  will  keep  its  spheri- 
cal shape.  2.  Every  hollow  elastic  vessel,  subjected  internally  to  the 
pressure  of  a  fluid  has  a  tendency  to  assume  the  spherical  shape.  3. 
Every  hollow  cylindrical  tube,  subjected  internally  to  the  pressure  of 
any  fluid  will  strive  to  keep  its  cylindrical  shape.  4.  Every  straight 
tube,  the  cross-section  of  which  is  not  circular,  and  which  is  subjected 
laterally  to  fluid  pressure,  has  the  tendency  to  assume  the  cylindrical 
shape.  5.  Every  hollow  bent  tube,  the  cross-section  of  which  is  a  cir- 
cle, and  which  is  subjected  internally  to  fluid  pressure,  will  keep  its 
shape.  6.  Any  bent  tube,  the  section  of  which  is  elliptical,  and  which 
is  subjected  internally  to  fluid  pressure,  will  have  the  tendency  to 
straighten  itself,  if  the  longer  axis  of  the  ellipse  is  at  right  angles 
with  the  plane  of  curvature  of  the  tube,  that  is  to  say,  the  extremities 
will  have  a  tendency  to  increase  the  distance  between  each  other.  The 
contrary  will  be  the  case  if  the  longer  axis  of  the  ellipse  coincides  with  the 
plane  of  curvature  of  the  tube,  and  the  tube  will  then  have  a  tendency  to 
curve  itself  still  more — to  bring  its  extremities  nearer  to  each  other. 
Schaefi"er's,  De  Witt's,  and  the  numerous  gauges  formed  out  of  a  num- 
ber of  superposed  hemispheres,  come  under  principle  No.  2.  Schaef- 
fer  and  Budenberg's  gauges  are  fitted  with  a  corrugated  circular  steel 
plate  to  receive  the  steam  pressure.  The  plate  is  coated  with  silver 
on  the  steam  side.  This  is  intended  to  prevent  corrosion ;  but  we  have 
sometimes  noticed  a  certain  amount  of  galvanic  corrosion  from  the 
contact  of  the  two  metals.  The  corrugations  are  concentric,  being 
similar  to  the  concentric  ripples  caused  on  the  surface  of  water  through 
the  vertical  fall  of  a  stone.  The  back  of  the  pointer  is  fitted  with  a 
spiral  spring,  in  order  to  absorb  any  looseness  of  the  working  parts. 
De  Witt's  gauges  consist  of  a  hollow  chamber  formed  of  two  disks, 
each  consisting  of  three  or  four  thin  steel  plates.  The  chamber  is  col- 
lapsed by  the  pressure,  and  thus  afl'ords  a  longer  range  than  the  sin- 
gle disk  of  Schaeff"er.  A  similar  gauge  to  Schaefl'er's  was  patented 
in  England  in  1844  under  the  name  of  Fontainemoreau.  Cuny,  in 
Germany,  made  some  years  ago  gauges  in  which  the  motion  of  a  me- 
tallic plate  was  taken  ofl"  by  a  column  of  mercury,  the  rise  and  fall  of 
%vhich  in  a  tube  indicated  the  variations  of  pressure.  This  plan  is  sim- 
ple, but  the  results  are  liable  to  be  afi"ected  by  temperature,  and  other 
causes.  Gauges  made  of  a  number  of  flattened  spheres  appear  diffi- 
cult to  keep  from  leakage,  and  no  gauge  of  this  kind  seems  to  be  com- 
monly used.  Under  principle  No.  6  come  Bourdon's  admirable  gauges 
patented  in  France  and  in  England  in  1849.  The  greatest  breadth 
of  the  tube  is  generally  placed  in  the  direction  perpendicular  to  the 
plane  in  which  the  tube  is  curved,  and  the  tube  then  becomes  more 
curved  or  less  curved,  respectively,  according  as  the  pressure  within, 
is  greater  than  without,  or  the  pressure  Avithout  is  greater  than  the  pres- 
sure within.  Although  the  Bourdon  gauge  has  been  accused  of  taking  a 
permanent  set,  and  also  oftaking  what  may  be  termed  a  temporary  set — 
that  is,  not  coming  back  at  once  when  the  pressure  is  withdrawn — our  own 
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experience  leads  us  to  prefer  these  gau;;es  to  any  other.  The  Ameri- 
can makers  of  the  Bourdon  gauge,  Messrs.  Ashcroft,  of  Boston,  pa- 
tented several  years  ago  a  form  of  Bourdon  gauge  made  with  two 
springs  or  tubes  one  inside  tlie  other.  Messrs.  Dewrance,  in  the  Bo- 
rough, have  patenttMl  a  similar  j)lan  in  England,  but  they  use  three 
brass  tubes — drawn  by  Muntz's  process — one  within  the  other.  This 
plan  is  stated  to  afl'ord  m(»rc  ciastinity  within  a  smaller  compass. 
Messrs.  Bailey,  Blake,  and  Bailey,  of  Manchester,  have  also  lately  pa- 
tented what  thuy  probably  call  an  improvement  on  the  Bourdon  gauge. 
The  tubes  are  constructed  either  in  two  portions,  one  side  of  brass 
and  the  other  of  steel,  or  by  "lixing  a  steel  Ijand  against  one  side  of 
a  brass  tube."  There  is  no  doubt  that  "by  tliis  means  they  obtain  a 
greater  deviation  of  shape  in  the  tubes  when  subjected  to  pressure  or 
acted  upon  by  heat;  "  but  we  are  inclined  to  predict  that  galvanic  cor- 
rosion will  ujuke  quick  work  of  the  steel  half,  and  thus  aft'ect  the  indi- 
cations. 

As  a  commentary  on  the  above  we  may  mention  that  Mr.  Amos, 
C.E.,  the  Consulting  Engineer  of  the  Uoyal  Agricultural  Society, 
makes  it  a  practice  to  test  all  the  steam  gauges  of  the  boilers  that  are 
intended  to  work  at  the  Shows.  They  are  all  tried  in  a  parallel  row 
on  a  steam  pipe,  to  which  is  affixed  the  standard  gauge.  Vic  have 
thus  seen  almost  eveiy  one  of  these  gauges  give  a  difl'erent  indication. 
Such  store  does  the  French  government  lay  on  good  steam  gauges  and 
their  proper  state,  that  it  is  specially  decreed  that  every  boiler  in  France 
should  be  fitted  with  a  pipe  and  flange,  to  which  a  test  gauge  can  be 
at  once  attached  by  the  government  inspector.  The  obvious  deduc- 
tion from  these  facts  is,  that  the  greatest  care  and  attention  should  bo 
used  in  the  selection,  repair,  and  watching  of  the  steam  gauge.  The 
em|)loyer  of  steam  power  will  then  find  his  reward,  not  merely  in  the 
increased  safety  of  his  boiler,  but  also  in  the  saving  of  fuel. 
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From  the  London  Mucliauics'  Mapiziiip,  Sriilomher,  1S64. 

Exactly  fifty-four  years  ago,  a  Mr.  Medhurst  proposed  that  a  brick 
tunnel  should  be  built  and  applied  to  the  conveyance  of  passengers, 
at  speeds  never  more  than  dreamt  of  before.  Within  the  brick  tunnel 
a  pair  of  rails  were  to  be  laid,  and  on  these  rails  a  suitable  vehicle, 
very  similar  in  its  general  arrangements  to  an  ordinary  railway  car- 
riage, was  to  travel.  The  cross  section  of  the  brick  tube,  as  proposed, 
would  have  been  egg-shaped,  with  the  maximum  width  above.  The 
rails  would  have  rested  on  projections  springing  from  the  side  walls 
near  the  bottom.  To  the  rear  of  the  carriage,  a  piston,  so  to  speak, 
lornied  of  boards  suitably  framed  together,  would  have  been  aflixcd. 
This  piston  would  have  nearly  fitted  the  tunnel.  Whether  any  ex- 
pedients were  proposed  by  which  the  space  between  its  edges  and  the 
brick-work  couhl  be  made  partially  air-tight,  we  are  not  prepared  to 
say.  It  is  not  likely  that  a  scheme  so  perfect  in  principle  as  this  w.13, 
would  be  found  wanting   in  detail.     The  carriage   and  piston  thu3 
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provided,  and  put  in  place  within  the  tube,  air  was  to  be  forced  in 
behind  by  means  of  a  large  pumping  apparatus,  very  similar,  we 
believe,  in  general  design,  to  the  blowing  engines  at  present  used  at 
our  iron-works.  The  pressure  of  the  air  thus  pumped  in,  would,  it  was 
contended,  prove  sufficient  to  propel  the  carriage  with  its  load  of  pas- 
sengers at  very  high  speeds.  Mr.  Medhurst  lived  before  his  time. 
The  scheme  never  got  beyond  a  model  for  obvious  reasons.  In  the 
first  place,  the  steam  engine  was  not  3'et  perfected,  and  the  obtention 
of  the  necessary  motive  power  for  the  blowing  machinery  was  by  no 
means  easy.  In  the  second  place,  people  had  a  very  great  and  per- 
haps natural  antipathy  to  the  idea  of  being  placed  within  a  tube, 
dark  and  cheerless,  and  blown  to  their  destination;  and  thus  a  really 
valuable  invention  fell  to  the  ground.  It  is  easy,  however,  to  see 
that  Medhurst's  was  no  ordinary  mind.  In  this  scheme  we  have  the 
embodiment  of  nearly  all  that  constitutes  the  modern  railway — the 
iron  rails,  the  high  speeds,  the  accommodation  for  passengers,  have  a 
great  deal  in  common  Avith  the  present  system  of  locomotion,  and  all 
this,  be  it  observed,  was  designed  twenty  years  before  the  Rainhill 
trials  inaugurated  the  railway  system.  After  Medhurst  came  Val- 
lance  and  Pinkus,  gentlemen  who  proposed  certain  alterations,  the 
principal  idea  being  involved  in  the  reduction  of  the  size  of  the  tube; 
the  alteration  of  its  position  with  regard  to  the  carriage,  by  placing 
it  between  the  rails  and  below  the  floor;  and  the  exhaustion  of  the  air 
from  the  space  in  front  of  the  piston,  instead  of  its  compression 
within  the  space  behind;  but  this  last  had  been  already  proposed  by 
Medhurst,  who  seems  to  have  left  scarcely  a  point  overlooked.  Messrs. 
Vallance  k  Pinkus  had  no  better  success  than  Medhurst,  and  it  re- 
mained for  Messrs.  Clegg  &  Samuda,  years  afterwards,  to  develope 
the  system  on  a  practical  scale  on  the  London  and  Croydon,  and  Dal- 
key  and  Kingstown  railways.  The  atmospheric  principle  as  tried  on 
these  lines  is  now  well  known  to  be  wholly  unsuitable  to  the  demands 
of  an  extensive  traffic,  and,  as  far  as  the  country  is  concerned,  the 
vacuum  tube  and  the  piston  carriage  have  been  banished  for  ever  in 
favor  of  the  locomotive.  With  the  introduction,  however,  of  the 
underground  metropolitan  railway  system,  the  old  scheme  of  Medhurst 
bids  fair  to  be  revived.  Indeed,  there  is  hardly  room  to  doubt  that 
it  is,  of  all  others,  the  most  suitable  for  the  exigencies  of  this  species 
of  traffic.  In  the  pneumatic  dispatch  we  have,  on  a  small  scale,  all 
that  Medhurst  proposed;  and  there  can  be  no  room  to  doubt,  from 
the  success  which  has  already  attended  upon  the  labors  of  the  com- 
pany, known  by  the  same  name,  that  the  system  can  be  extended  to 
the  conveyance  of  passengers  without  any  practical  difficulty  w4iatever. 
During  the  last  few  months,  too,  Mr.  Rammel,  the  inventor  of  the 
pneumatic  dispatch  scheme,  has  been  laboring  at  the  Crystal  Palace 
to  provide  a  model  line — the  first  on  which  regular  passengers  have 
been  conveyed — which  would  serve  to  bring  all  these  advantages  fairly 
before  the  public. 

The  tube  extends  from  the  Sydenham  entrance,  to  the  armory  near 
Penge-gate — a  distance  of  about  a  quarter  of  a  mile,  and  it  is,  in  fact, 
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a  simple  brick  tunnel,  nine  feet  high,  and  eight  feet  wide — a  size  that 
renders  it  capable  of  containing  an  ordinary  Great  Western  Railway 
carriage.  That  actually  working  in  the  tube  at  this  moment  is  hand- 
some and  commodious.  The  piston  is  rendered  partially  air-tigut  by 
the  use  of  a  fringe  of  bristles  extending  nearly  to  the  brick-work  of 
the  tunnel  and  its  floor.  A  fan  20  feet  in  diameter  is  employed  to 
exhaust  or  to  force  in  air,  and  perhaps  it  is  impossible  to  devise  any 
other  expedient  so  well  calculated  to  answer  the  required  purpose.  It 
must  be  remembered  that  either  a  plenum  or  a  vacuum  equivalent  to  '5 
of  an  inch  of  mercury  is  quite  sufficient  to  propel  even  a  heavy  train 
at  a  high  speed  on  a  moderately  level  line.  In  the  present  instance 
the  motive  power  is  supplied  by  an  old  locomotive  borrowed  from  one 
of  the  railway  companies,  which  i.s  temporarily  mounted  on  brick-work. 
The  tires  have  been  removed  from  the  driving  wheels,  and  these  last 
put  the  fan  in  motion  by  straps. 

The  line,  we  have  said,  is  a  quarter  of  a  mile  long ;  a  very  small 
portion  of  it,  if  any,  is  level,  but  it  has  in  it  a  gradient  of  one  in 
fifteen — an  incline  which  no  engineer  w^ould  construct  on  an  ordinary 
railway;  and  as  it  is  not  a  level  line,  so  it  is  not  a  straight  one;  for  it 
has  curves  of  only  eight  chains  radius,  which  are  siiorter  than  those 
usually  found  in  existing  railways.  The  entire  distance,  GOO  yards, 
is  traversed  in  about  50  seconds,  with  an  atmospheric  pressure  of  but 
2J  ozs.  The  motion  is  of  course  easy  and  pleasant,  and  the  ventila- 
tion ample,  without  being  in  any  way  excessive.  All  the  mechanical 
arrengements  are  so  simple  and  must  be  so  obvious  we  imagine,  that 
it  is  needless  to  dwell  on  them.  We  feel  tolerably  certain  that  the 
day  is  not  very  distant  when  metropolitan  railway  traffic  can  be  con- 
ducted on  this  principle  with  so  much  success,  as  far  as  popular  liking 
goes,  that  the  locomotive  will  be  unknown  on  underground  lines. 


Krupp's  Steel  Tires. 

From  the  London  Mechanics'  Magazine,  SepUmbcr,  IS&l. 

Messrs.  Prosser  &  Son,  the  American  representatives  of  the  Essen 
firm,  publish  a  circular  containing  some  interesting  facts,  of  which  we 
select  a  few.  Thus  we  learn  that  there  are  manufactured  at  Krupp's 
per  day  some  one  hundred  tires,  of  which  number  one-half  are  for  Great 
Britain  alone.  The  magnitude  of  the  tire  manufacture  can  be  esti- 
mated by  the  fact  that  forty  steam  hammers  are  employed  on  tires 
alone  at  this  establishment.  Messrs.  Prosser  &  Son  state  that  they 
have  in  their  possession  a  turning,  taken  from  a  Krupp  tire  at  the 
Erie  Railway  shops  at  Dunkirk,  U.S.,  which  measures  1'2~  feet,  show- 
ing the  extraordinary  toughness  and  homogeneousness  of  the  metal. 

The  circular  gives  some  interesting  facts  regarding  the  wear  of  the 
tire  in  America.  On  the  Chicago,  liurlington,  and  Quincy  Railway, 
a  goods  engine  weighing  34  tons  ran  29,500  miles,  and  the  wear  was 
only  3-32d  of  an  inch,  and  the  tires  are  considered  good  for  another 
jear  before  coming  to  their  first  turning  ;  on  the  Ohio  and  Mississippi 
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Railway,  a  set  of  these  tires  on  a  32-ton  engine  ran  60,485  miles  with 
a  wear  of  -/gths  of  an  inch;  on  the  Erie  Railway  a  set  of  these  tires, 
on  a  frei";ht  engine  Avith  four  drivincr  wheels  having  a  crushincr  weight 
of  6J-  tons  on  each  wheel,  ran  21,450  miles,  with  a  wear  of  less  than 
•j'gth  of  an  inch,  and  Assistant  Superintendent  Brooks  expresses  the 
opinion  that  they  will  run  100,000  miles  before  coming  to  their  first 
turning.  Several  other  instances  are  mentioned  of  the  great  wear  of 
the  tire  in  this  country.  Mr.  Prosser  remarks:  "That  there  is  a  great 
fallacy  in  comparing  the  wear  of  iron  with  Krupp's  cast  steel  tires  on 
the  first  turning;  for,  when  an  iron  tire  requires  turning  the  first  time, 
it  is  usually  half  worn  out,  and  sometimes  even  more  than  that: 
whereas,  Krupp's  wear  equally  well  from  first  to  last,  however  many 
times  they  have  been  turned.  This  is  in  consequence  of  the  great  resi- 
lience of  the  peculiar  metal  which  does  not  suffer  the  slightest  disin- 
tegration under  the  heaviest  load." 

Since  1854 — 55,  Mr.  Krupp  has  furnished  the  Bavarian  State 
Railway  with, — 

740  tires  for  driving  wheols. 

04()  tires  for  tender  wheels. 

(504  tires  for  trailing  wheels. 
176G  tires  for  carriage  wheels. 

The  General  Director  of  this  road  says: — "The  durability  and 
security  of  the  Krupp  tire  has  proved  so  economical  that  we  have 
determined  to  use  none  other.  Of  the  driving  wheel  tires,  664  were 
put  in  service  in  1854  ;  and  of  these,  only  20  had  been  worn  out.  Of 
the  carriage  wheel  tires  put  in  service  in  1857 — 58,  not  one  has  worn 
out  or  proved  defective  up  to  the  present  time,"  June,  1862. 

A  set  of  Belgian  (D'Acier  Lamine,  puddled  or  semi-steel)  tire,  ran 
but  18,640  kilometres,  (11,582  miles,)  with  a  wear  of  a  shade  over 
one-eight  of  an  inch. 

With  the  same  wear,  a  set  of  Krupp's  tires  ran  65,774  kilometres, 
(40,871  miles.; 

This  comparative  test  was  made  on  the  Luxembourg  Railway. 

It  would  appear,  from  this  and  other  data,  that  for  each  quarter  of 
an  inch  worn  these  tires  will  run  on  good  roads  some  80,000  miles. 
2}  in.  tires  will  usually  bear  turning  three  times,  wearing  as  well  at 
last  as  at  first.  Their  total  life  or  mileage  may  therefore  be  stated  at 
300,000  to  400,000  miles,  according  to  character  of  service  performed. 


On  the  Poiver  required  to  overcome  the  Vis  Inertice  of  Railway 

Trains. 

From  the  London  Mechanics'  Magazine,  September,  1864. 

Mr.  Peter  W.  Barlow  read  a  paper  "  On  the  Power  required  to 
overcome  the  Vis  Inertisc  of  Railway  Trains,  with  description  of 
machine  to  propel  trains  between  stations  without  locomotives,"  and 
the  following  is  an  ab.=tract : — It  was  reported  to  the  inventor,  who 
was  engineer  of  the  South  Western  Railway  for  many  years,  that 
when  the  North  Kent  Railway  was  opened  to  the  public,  a  great  con- 
sumption of  coke  arose.     He  examined  into  the  cause,  and  found  by 
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a  series  of  experiments  made  on  locomotives,  and  on  the  atmospheric 
railway,  that  the  loss  arose  from  the  power  required  to  overcome  the 
vis  inertiae  of  the  train.  It  then  became  necessary  to  have  locomo- 
motives  of  greater  tractive  power  and  weight,  which  had  increased 
until  this  day,  when  they  were  of  suflScient  power  to  put  a  train  of  80 
tons  into  a  velocity  of  18  or  20  miles  per  hour  before  the  last  carriage 
left  the  platform.  Having  observed  this,  it  occurred  to  the  inventor 
to  try  using  hydraulic  power  for  the  length  of  the  platform,  that  a 
degree  of  momentum  might  be  given  to  the  train  which  would  be  suf- 
ficient to  carry  it  to  the  next  station,  on  railways  Avhere  the  stations 
are  frequent,  and  the  power  of  this  operated,  as  was  represented  by 
an  attractive  force  of  eight  tons,  acting  over  a  length  of  300  feet,  as 
sufficient  to  put  a  train  of  60  tons  into  a  velocity  of  34  miles  an  hour 
and  which  velocity  was  sufficient  to  carry  a  train  a  mile  and  quarter 
on  a  level  from  its  own  vis  inertia:,  and  therefore  half  a  mile  beyond 
the  next  station,  if  the  distance  were  three-quarters  of  a  mile.  lie 
estimated  that  one  30  horse-power  stationary  engine,  by  these  means, 
would  propel  trains  every  five  minutes  a  distance  of  one  mile  at  a  cost 
of  £\  per  day.  He  explained  that  the  economy  of  this  arrangement 
arose  partly  from  using  stationary  power  instead  of  locomotives,  and 
partly  for  more  rapidly  overcoming  the  inertite  of  the  train,  which  he 
explained  by  models  he  laid  before  the  Section.  The  inventor's  esti- 
mate of  the  length  the  train  would  run,  with  a  velocity  of  34  miles, 
■was  proved  from  experiments  made  with  that  object  on  the  Lancashire 
and  Yorkshire  Railway  by  M.  Pambour. 

Captain  Selwyn  said  that  in  America  a  15-ton  engine  had  done  the 
work,  upon  an  incline,  of  30  tons  by  adhesion.  The  invention  was 
one  of  Mr.  Armstrong's,  who  was  well  known  in  connexion  with  tele- 
graphic science  in  America.  He  placed  a  coil  of  large  copper  wire 
around  the  driving  wheel,  below  the  semi-diameter.  It  was  hung 
there  from  the  frame  of  the  engine,  consequently  the  driving  wheels 
rotate  inside  it  without  touching  it  at  any  point.  A  current  was  sent 
from  a  12  cell  battery  of  18  inches  in  heigiit  and  4  in  diameter,  and 
the  electro-magnetism  produced  in  the  coil  was  sufficient  to  produce 
the  adhesion  to  the  rail.  The  wheel  never  skitted  while  the  electro- 
magnetism  was  on,  and  by  preventing  this  skitting  additional  power 
was  obtained. 

Sir  W.  Armstrong  said  it  was  quite  obvious  that  any  principle  of 
this  kind,  which  dispensed  with  the  weight  of  a  locomotive  and  tender, 
would  lessen  the  amount  of  locomotive  power  to  produce  the  run.  If 
successful,  and  applied  to  underground  railways,  the  greatest  objec- 
tion was  got  rid  of  to  those  railways.  Ho  had  no  hesitation  in  saying 
that  it  was  perfectly  practicable  to  produce  power  in  the  way  proposed; 
but  whether  the  system  would  have  to  contend  with  practical  objec- 
tions and  difficulties  strictly  appertaining  to  the  working  of  railways, 
that  was  a  point  upon  which  he  could  not  give  an  authoritative  opinion, 
for  it  was  a  matter  more  for  the  consideration  of  gentlemen  who  were 
connected  with  railways  to  see  w^hether  the  working  of  the  system  was 
practicable.   When  a  thing  was  right  in  principle,  it  was  quite  aston- 
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ishing  how  practical  difficulties  melted  away  in  the  course  of  time  and 
experience.  It  was  likely  a  great  many  objections  would  be  urged, 
and  he  could  conceive  many  himself,  but  he  would  not  venture  to  say 
that  something  of  the  sort  would  not  prove  to  be  practicable.  He 
should  be  glad  to  hear  what  gentlemen  conversant  with  the  working  of 
railways  would  have  to  say  on  the  subject,  and  he  thought  the  Section 
ought  to  entertain  it,  and  give  it  a  fair  and  careful  consideration. 

Mr.  Fairbairn  said  that,  in  obtaining  a  momentum  of  30  or  40  miles 
an  hour  in  a  space  of  100  yards,  the  question  arose  whether  it  would 
not  be  dangerous  and  destructive  to  the  comfort  of  the  passengers  in 
the  train.  He  agreed  with  Sir  William  Armstrong  in  the  correctness 
of  the  principle,  and  that  the  time  would  arrive  when  it  would  be  ac- 
complished. In  the  metropolitan  railways  it  would  he  very  desirable 
to  dispense  with  the  steam  engine,  and  whether  it  was  done  by  the 
system  recommended  by  Mr.  Barlow,  or  the  system  of  ropes,  the 
same  as  the  Blackwall  railway  was  worked  for  a  number  of  years,  it 
would  be  much  more  comfortable  to  passengers  than  the  present 
system  of  locomotives.  The  matter  deserved  a  close  investigation, 
and  he  hoped  that  something  might  come  of  it. 

In  answer  to  a  question, 

]\Ir.  Barlow  said  brake  power  would  be  applied  by  the  guard. 

Mr.  Vignolles  said  he  thought  that  after  some  practice  many  other 
difficulties  which  appeared  at  present  might  be  overcome.  The  question 
was,  whether  within  a  distance  of  100  or  150  yards  a  velocity  could 
be  obtained  of  40  or  50  miles  an  hour,  for  in  many  cases  that  velocity 
■would  have  to  be  obtained  to  overcome  a  rise.  That  appeared  to  him 
to  be  a  considerable  difficulty  independent  of  others.  It  was  well 
known  on  the  Blackwall  railway  that  the  distance  between  the  last 
station  and  the  last  but  one  was  effected  by  casting  off  the  train  from 
the  rope,  and  alloAving  it  to  arrive  at  the  station  by  its  own  velocit3\ 
There  were  a  number  of  difficulties  which  must  be  overcome,  not  only 
in  experiments,  but  practically,  and  the  system  now  proposed  was,  in 
fact,  almost  reverting  to  the  stationary  system. 

Mr.  Barlow  said  he  did  not  think  there  would  be  any  jerk  in  the 
train  in  getting  up  the  speed  within  the  distance  he  had  referred  to. 

The  President  said  the  paper  had  re-opened  the  inquiry  into  the 
relative  merits  of  stationary  and  locomotive  power,  Avhich  was  fully 
discussed  20  years  ago,  since  the  period  the  question  was  considered 
to  have  been  set  at  rest.  It  was  a  loss  of  power  to  have  to  transport 
the  motive  power  along  with  a  train,  the  dead  weight  being  45  tons, 
and,  a  priori^  it  was  an  advantage  to  be  without  the  dead  weight  of 
the  locomotive  tender;  yet  for  certain  particular  reasons  all  engineers 
had  for  many  years  arrived  at  the  conclusion  that,  with  all  the  dis- 
advantages of  the  system  of  working  by  locomotive  engines — tested 
by  any  system  of  fixed  power  that  has  yet  been  devised — it  was  in- 
finitely the  best,  so  that  in  all  cases  where  fixed  power  had  been  pro- 
vided at  vast  expense,  that  power  had  been  removed  and  locomotives 
substituted.  There  was  no  doubt  that  railways  in  some  particular 
localities  were  assuming  a  form  which  rendered  it  not  inadvisable  to 
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rc-considcr  the  question,  or,  in  fact,  to  compel  engineers  to  rc-considcr 
it.  Rightly  or  wrongly,  the  inhabitants  of  the  metropolis  were  eon- 
demned  to  travel  in  subterranean  ways.  For  the  sake  of  streets  an<l 
buildings,  and  for  the  sake  of  avoiding  the  destruction  of  property, 
it  seemed  to  be  ordered  that  the  inhabitants  of  London  should  not 
travel  in  daylight,  but  underground.  It  was  quite  evident  that  with 
the  growth  of  the  metropolis  and  increase  of  traffic  in  underground 
railways,  the  nuisance  must  become  insupportable  in  consequence  of 
the  engines  emitting  nauseous  gases.  The  question  would  l)ecome 
one  for  engineers;  and  it  was  therefore  we  felt  much  indebted  to  Mr. 
JJarlow  for  bringing  the  subject  before  the  Section.  In  his  opinion, 
railways  were  entering  on  a  new  phase,  and  a  new  motive  power  could 
not  be  arrived  at  without  a  great  deal  of  consideration. 


Railway  Working  Expenses. 

From  tlif  I/miloii  Aitiz:in,  ?t'pt.,  I'^rU. 


in  1802,  The  aggregate  of  tJie  Lnited  Kingdom  was  ilius  X*lo,0i!7, 
234  in  1863,  against  £U,2i}8,400  in  1802.  The  length  of  the  lint 
in  operation  at  the  close  of  1803  was  12,322  miles,  at  the  close  of 
1862  11,5')1  miles.  The  totals  given  do  not  include  steamboat,  canal, 
and  harbor  expenses  ;  and  the  figures  for  1803  are  also  exclusive  of 
the  working  charges  of  the  Oswestry  and  Newtown,  Cowes  and  New- 
])ort,  lirccon  and  Mcrthyr  Tydfil  Junction,  Cork  and  Kinsale  Junc- 
tion, Dowlais  and  Hereford  llay,  and  Brecon.  The  ratio  of  expenses 
to  receipts  appears  to  have  been  reduced  last  year  to  48  per  cent., 
against  49  per  cent,  in  1802.  The  working  expenses  of  last  year 
may  be  analyzed  as  follows  : — Maintenance  of  way  and  works,  1S*9.5 
per  cent.,  against  18-99  per  cent,  in  1862  ;  locomotive  power,  27-02 
per  cent.,  against  27"79  per  cent,  in  1862;  repairs  and  renewals  of 
carriages  and  wagons,  9*33  percent.,  against  8-71  per  cent,  in  1862; 
traffic  charges  (coaching  and  merchandise),  27*92  per  cent.,  against 
27'95  per  cent,  in  1802;  rates  and  taxes,  4-20  per  cent.,  against  4-18 
per  cent,  in  1802  ;  (lovernment  duty,  2-03  per  cent.,  against  2-03 
per  cent,  in  1802  ;  compensation  for  personal  injury,  &c.,  1*19  per 
cent.,  against  I'll  percent,  in  1862  ;  compensation  for  damage  and  loss 
of  goods  0-46  per  cent.,  against  0-48  per  cent,  in  1862;  legal  and  parlia- 
mentary expenses,  1-30  per  cent.,  against  1-54  per  cent,  in  1862;  and 
miscellaneous,  6-40  per  cent.,  against  6-62  per  cent,  in  1"^'"2. 


Railway  Accidents. 

From  the  Londun  Artiian.  S<'pt.,  1^<U, 

In  the  year  1861,  79  passengers  were  killed  and  789  injured  by 
railway  accidents  in  the  United  Kinjrdom  ;  in  the  -year  1862  on  an  in- 
creased  number  of  lines  35  passengers  were  killed  acd  536  injured; 
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and  in  the  year  1863  on  a  still  increasing  length  of  lines  35  passen- 
gers were  killed  and  401  injured.  The  number  of  passengers  in  1863 
■was  204,635,075,  without  including  64,391  season  and  periodical 
ticket-holders.  Estimating  even  that  these  last  traveled  on  an  average 
only  100  times  each,  the  number  of  passengers  killed  in  1863  was 
less  than  one  in  6,000,000,  and  of  passengers  injured  less  than  one  in 
500,000.  Of  every  five  passengers  killed,  three  lost  their  lives  through 
their  own  misconduct  or  want  of  caution,  so  that  the  number  of  pas- 
sengers killed  from  causes  beyond  their  own  control  was  less  than  one 
passenger  in  15,000,000.  Of  the  passengers  killed  last  year  12  met 
their  deaths  by  getting  out  of,  or  attempting  to  get  into  trains  when 
in  motion,  5  by  incautiously  crossing  or  standing  on  the  line  at  a  sta- 
tion, one  by  leaning  out  of  the  carriage  window  on  approaching  a 
bridge,  (since  widened),  one  by  getting  out  on  the  wrong  side  of  a  car- 
riage, one  (in  Ireland)  by  getting  upon  the  roof  of  a  carriage  and 
walking  along  the  train.  Of  the  13  passengers  killed  in  1863  from 
accidents  to  trains,  3  lost  there  lives  through  collisions  between  trains 
and  ten  from  trains  getting  off  the  line,  7  of  the  10  in  the  accident  on  the 
Hunstanton  line  caused  by  a  heifer  being  on  the  rails.  Of  the  whole 
number  of  accidents  to  passenger  trains  in  the  United  Kingdom  re- 
ported to  the  Board  of  Trade  in  1863 — 52  in  all,  exactly  one  a  week 
and  precisely  the  same  number  as  was  reported  to  the  Board  in  1862 
— 32  were  caused  by  collisions  with  other  trains,  10  by  the  trains  get- 
ting off  the  rails,  6  by  their  running  off  the  proper  line  through  the 
points  being  wrong,  and  only  4  from  anything  breaking  or  getting  out 
of  order. 


Improvements  in  Metallic  Piers  and  Piles. 

From  the  London  Artizan,  Sept.,  1864. 

Mr.  J.  Phillips  has  just  patented  some  improvements  in  piles  or 
cylinders  for  piers,  embankments,  coffer-dams,  and  other  structures 
that  are  wholly  or  partially  under  water.  The  invention  relates  to 
the  means  of  rendering  more  or  less  perfectly  water-tight  the  vertical 
joints,  interstices,  or  spaces  existing  between  the  metal  piles  or  cylin- 
ders employed  for  structures  that  are  wholly  or  partially  under  water, 
and  consists  in  forming  grooves,  recesses,  shoulders,  or  flanges  upon 
the  contiguous  sides  of  such  piles,  and  then  inserting  into  such  grooves 
or  recesses,  or  against  such  shoulders  or  flanges,  pieces  of  wood  or 
other  suitable  material,  so  formed  that  the  pressure  of  the  water  causes 
them  to  fit  tightly  against  one  or  more  surfaces  of  the  grooves,  recesses, 
shoulders,  or  flanges  of  two  contiguous  piles  or  cylinders,  thereby 
preventing  the  water  from  penetrating  through  the  joints,  interstices, 
or  spaces  between  the  two  piles  to  the  back  of  the  same.  It  is  pre- 
ferred to  make  the  grooves  in  the  piles,  and  the  pieces  of  wood  to  be 
inserted  therein,  of  a  rectangular  form,  and  to  form  the  lower  extremi- 
ty of  the  piece  of  wood  with  a  double  incline,  so  that  when  driven  into 
the  ground  it  is  made  of  itself  to  press  against  the  back  surface  of 
the  two  grooves  and  the  side  surface  of  one  of  them.    In  some  cases 
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the  grooves  and  pieces,  of  wood  are  formed  so  that  when  the  latter 
are  in  their  places,  wedges  or  packing  pieces  may  be  inserted  so  as  to 
press  the  piece  of  wood  against  the  back  surfaces,  or  back  and  side  sur- 
facesof  the  grooves  independently  of  the  action  of  the  water,  or  thegrooveg 
or  pieces  of  wood  may  themselves  be  made  of  inclined  surfaces  so  as 
to  produce  a  wedging  action.  In  some  cases  the  pieces  of  wood  are 
compressed  before  inserting  them  into  the  grooves,  so  that  when  they 
come  in  contact  with  the  water  they  swell  out,  and  thus  of  themselves 
exert  a  pressure  against  the  surface  of  the  grooves.  India-rubber, 
felt,  or  cork,  in  combination  with  iron,  may  be  used  in  place  of  wood 
for  forming  water-tight  joints  in  the  said  structures. 


T7ie  Great  Explosion  of  Gunpowder ;  and  the  Breach  in  the  River 

Embankment. 

from  the  London  liailder,  No.  1131. 

Warnings  of  danger  to  this  metropolis  from  the  storage  of  large 
quantities  of  gunpowder,  even  at  places  so  distant  as  Purllcet,  IMum- 
stcad,  or  Belvedere,  have  been  occasionally  uttered, — though  they 
have  not  received  the  same  attention  as  those  referring  to  the  accu- 
mulation of  petroleum  and  other  combustibles,  in  buildings  amongst 
the  streets  of  London.  But  the  magnitude  of  the  danger  has  been 
demonstrated  since  our  last  number  appeared  ;  and  consequences  hith- 
erto unapprehended,  involving,  from  the  particular  explosion,  the  in- 
undation of  a  large  area  of  valuable  reclaimed  land,  and  that  of  the 
extensive  low-level  inhabited  districts  in  the  south  or  south-east  of 
London  itself,  besides  injury  and  delay  to  the  sewerage  works,  have 
been  averted  only  through  a  most  fortuitous  conjuncture  of  circum- 
stances, the  presence  of  mind  and  the  skill  of  one  or  two  individuals, 
and  the  immediate  energy  and  laborious  exertions  of  a  great  force  of 
men. 

On  Saturday  morning  last,  at  about  twenty  minutes  before  seven 
o'clock,  there  occurred  at  a  certain  spot  on  the  southern  bank  of  the 
Thames,  near  Belvedere,  and  distant  about  one  mile  above  the  church 
of  Erith,  and  the  same  distance  below  the  reservoir  and  Outfall  of  the 
whole  main  drainage  of  that  side  of  the  river,  an  explosion  of  a  quan- 
tity of  gunpowder  which  appears  to  have  far  exceeded  in  the  amount 
that  of  any  explosion  in  time  of  war,  whilst  the  sound  and  concussion 
reached  to  places  at  a  distance  of  eighty,  ninety,  or  approaching  one 
Imndred  miles.  The  quantity  is  estimated  to  have  been  1U40  barrels  of 
100  lbs  each,  or  in  all  nearly  40i  tons.  It  was  contained  in  two  maga- 
zines, which  stood  close  behind  the  embankment  or  river-wall  of  the 
Thames,  and  in  two  barges  outsiile ;  but  the  quantity  that  was  in  one  of  the 
buildings  formed  a  considerable  portion  of  the  whole,  and  amounted 
to  7r)0  barrels.  The  destruction  of  life,  or  personal  injuries,  by  the 
explosion  itself,  fell  almost  exclusively  upon  the  few  individuals,  and 
their  families,  who  were  in  charge  of  the  magazines,  or  on  board  the 
barges,  or  engaged  in  the  work  of  loading  or  unloading  ;  and  it  may 
not  have  exceeded  about  twenty  individuals  five  of  whom  are  dead 
whilst  we  write,  and  five  are  "missing"  or  represented  by  fragments 
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of  heads,  arms,  feet,  or  mere  pieces  of  flesh.    Individuals  not  connect- 
ed with  the  magazine,  nor  on  board  the  barges,  however,  were  killed 
or  injured;  amongst  the  killed  were  two  men  who  were  at  the  time 
about  proceeding  to  their  work  in  certain  repairs  to  the  river-wall  at 
a  place  adjacent  to  the  scene  of  the  explosion.     The  destruction  of 
property  however,  was  immense ;  though  it  is  rather  to  be  realized 
from   the  accounts,    albeit  inadequate,   than   discovered  by  a  visit  to 
any  single  spot.    Where  stood  the  buildings,  there  are  now  scarcely 
ruins,  and  the  bricks  of  the  magazines  strew  the  ground  as  so  many 
pieces  cleaned  of  their  mortar,  better  than  could  have  been  done  by 
hand.     A  wide  cavity  in  the  earth  shows  where  stood  the  principle 
buildina:,  a  substantial  structure,  belono;ing  to  Messrs.  John  Hall  & 
Son,  of  the  Faversham  Mills,  and  about  50  feet  square.    It  was  erect- 
ed five  or  six  years  ago,  at  a  cost  of  about  3000^.     The  other  maga- 
zine, variously  stated  as  about  60  or  70  yards  distant,  or  as  about  300 
or  400  yards,  belonged  jointly  to  the  Elterwater  and  the  Lowood  Gun- 
powder Companies,  and  measured  about  40  feet  by  30  feet.  Each  build- 
ing was  in  two  floors,  and  had  a  wooden  jetty  for  the  unloading  and  load- 
ing of  vessels.  The  other  buildings  were  three  cottages,  occupied  by  the 
two  store-keepers,  one  of  whom  is  living,  and  by  the  work-people,  and 
were  at  some  distance  from  the  mao-azines.   The  baro;es  were  blown  into 
fragments,  which  fell  into  the  river,  or  with  some  portions  of  the  buildings 
and  their  furniture,  and  of  human  limbs,  were  projected  to  incredible  dis- 
tances. Some  of  the  business  papers  were  carried  into  Woolwich  Arsenal, 
distant  four  miles.    This  latter  place  was,  by  the  inhabitants  of  Wool- 
wich,  at  first  thought  to  be  that  of  the  explosion.    The  embankment 
wall,  for  about  300  feet  in  length,  was  forced  into  the  river  ;  and  the 
marshes  of  Erith  and   Plumstead,   and  parts  of  London  itself,  which 
the  water  covered  before  the  period  of  authentic  history,  were  laid 
open  to  the  rising  tide.  The  consequences  of  this  portion  of  the  calamity, 
to  which  we  have  alluded,  have  at  present  been  averted,  as  we  have  said ; 
but  in  their  full  extent,  they  are  to  be  estimated  only  by  professional  read- 
ers, acquainted  with  the  districts  in  and  east  of  London,  and  their 
levels,  with  the  formation  of  the  banks  of  the  Thames,  and  with  the 
accounts  of  some  previous  breaches.     Now,  the  public  mind  rests  im- 
pressed chiefly  with  the  recollection  of  the  concussion,  and  with  the 
facts  including  those  of  the  injury  done  in  the  villages  of  Belvedere, 
Erith,  and  Plumstead,  in  the  town  of  Woolwich,  and  in  parts  of  the 
eastern  and  southern  districts  of  the  metropolis  proper.     Glass  was 
broken,  and  window  frames  were  forced  in  ;  so  that  in  Belvedere,  dis- 
tant about  three  quarters  of  a  mile  from  the  magazines,  and  in  other 
places,  houses  have  been  rendered  uninhabitable.    Ceilings  and  chim- 
ney pieces  were  broken,  and  walls  were  so  shaken,  that  at  least  one 
house,  and  this  one  at  a  considerable  distance,  has  since  fallen.    Even 
in  London,  in  the  Minories  and  Aldgate,  plate  glass  was  broken  ; 
whilst  at  the  Crystal  Palace  a  door  was  burst  open  ;  and  in  Norwood, 
a  house  that  was  in  erection  has  been  greatly  injured.     Such  eff"ects 
as  these  last  were  experienced  at  distances  of  10  or  12  miles.  Though 
three  distinct  shocks  are  reported  to  have  been  felt,  the  almost  instanta- 
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neous  spread  of  combustion  from  prain  to  grain  of  the  powder,  barrel 
to  barrel,  floor  to  floor,  and  building  to  building,  is  surprising,  even 
vith  the  knowledge  of  the  properties  of  gunpowder,  and  the  infinite- 
simal thread  of  a  train,  or  kakage,  that  suflices  to  establish  a  connex- 
ion between  one  enveloped  quantity  and  another.  The  occurrence 
will  doubtless  receive  attention  from  men  of  science ;  but  we  may  note 
that  one  statement  refers  to  the  falling  down  of  grains  of  powder  ap- 
parently unconsumed. 

It  is  now  seriously  discussed,  whether  the  storage  of  large  quanti- 
ties of  gunpowder  in  places  distant  but  one  mile,  or  even  ten  miles, 
from  a  populated  district,  should  be  permitted.  IJalf-way  between 
the  site  of  the  catastrophe,  and  that  <»f  the  Southern  Outfall  of  the 
sewerage,  is  another  magazine,  to  which  happily  no  matter  in  com- 
bustion gained  excess,  though  glass  was  broken.  Tiles  were  blown 
from  roofs  of  buildings  further  distant.  Close  adjoining  the  property 
of  the  Metropolitan  Jioard  of  AVorks,  is  yet  another  magazine,  Avhicli 
was  empty,  but  to  which  the  attention  of  the  Board  is,  we  believe 
j)ointcdly  directed.  Further  west,  or  above  Crossness  Point,  is  still 
another  magazine,  this  last  belonging  to  Government. 

The  chimney  and  buildings  of  the  Outfall  works,  received  no  dam- 
age beyond  that  of  the  fracture  of  plate  glass  of  the  value  of  about  loO/. 
But  had  the  marshes  been  inundated,  the  Outfall  sewer  itself,  with  its 
nuu)erous  ventilating  shafts,  as  well  as  side  entrances, — and  without 
considering  the  existing  state  of  the  several  channels  in  connexion 
with  the  reservoir, — Avould  have  been  flooded ;  and  the  sewage  would 
have  been  dammed  up,  even  as  far  as  Battersea.  The  invert  of  the 
sewer  at  the  outfall,  is  28  ft.  tJ  ins.  below  the  high-water  level  ;  whilst 
the  surface  of  the  ground  where  the  engine-house  and  other  buildings 
stand,  is  itself  G  or  7  feet  below  the  level.  A  breach  in  the  embank- 
ment, beyond  the  jurisdiction,  or  works,  of  the  Metropolitan  Board, 
is  thus  seen  to  be  a  serious  matter  of  consideration.  Fortunately,  on 
this  occasion,  there  was  a  body  of  workmen  who  were  able  to  proceed 
at  once  to  the  scene  of  the  disaster. 

Every  circumstance  of  time  and  tide,  availability  of  competent  di- 
rection, presence  of  men  at  the  works  of  the  Outfall,  vicinity  of  a 
great  and  disciplined  military  force  with  tools  and  appliances,  and 
even  the  soil  at  the  spot,  happened  to  be  favorable  ;  and  a  more  seri- 
ous disaster  than  has  occurrcil  within  recollection,  by  a  breach  in  an 
embankment  of  the  Thames,  was  by  the  greatest  exertions  staved  oft", 
and  at  length  was,  as  we  have  said,  averted.  The  manner  in  which 
the  whole  business  was  conducted,  merits  record  in  these  pages;  and 
the  instance  may  be  instructively  compared  with  the  experience  of 
previous  accidents  as  related  in  various  books,  wlnTro  the  loss  to  land- 
owners, and  the  injury  to  the  navigation  of  the  Thames,  througii  the 
years  duration  of  breaches  and  by  the  repeated  failures  of  attempts 
to  close  them,  is  graphically  related. 

The  great  destruction  of  property,  and  probably  of  life,  and  the 
loss  and  delay  which  we  have  endeavored  to  convey  an  idea  of,  would 
have  ensued  from  the  breach  at  Belvedere,  but  for  the  circumstances 
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to  vrliich  we  have  alluded,  and  the  course  immediately  taken.  When 
the  explosion  occurred,  it  was  the  most  fortunate  circumstance  that  the 
tide  was  low;  but  there  were  only  about  four  hours  wanting  to  the  time 
of  high-water.  The  explosion  had  forced  the  greater  portion  of  the 
materials  of  the  embankment,  in  the  300  ft.  of  length  acted  upon,  into 
the  river,  only  throwing  up  on  the  foreshore  a  Ioav  mound,  not  capable 
of  affording  any  protection.  In  the  300  ft.  gap  which  was  formed,  the 
space  which  had  been  occupied  by  the  foundation  or  base  of  the  em- 
bankment wall  was  filled  with  broken  and  shapeless  masses  of  earth 
or  clay,  which  had  formed  part  either  of  the  consolidated  mass  of  wall, 
or  of  the  site  of  the  magazines.  The  few  men  who  were  engaged  on 
another  portion  of  the  embankment,  were,  at  the  moment,  the  only 
hands  available  for  work  obviously  necessary  for  the  exclusion  of  the 
rising  tide,  but  which  to  be  finished,  not  in  the  most  substantial  way, 
in  three  or  four  hours  time,  demanded  the  labor  of  many  hundred 
men. 

Amongst  the  residents  of  Erith,  who  were  all  roused  by  the  explo- 
sion, was  Mr.  Lewis  G.  Moore,  an  engineer  who  has  been  connected 
with  Mr.  Furness,  in  the  contrivance  of  some  of  the  means  of  execut- 
ing the  work  of  the  Thames  Embankment  of  these  present  days.  Led 
to  the  spot,  he  immediately  saw  and  appreciated  the  impending  cala- 
mity, and  recognised  the  necessity  of  setting  to  work  a  much  larger 
force  than  that  of  the  few  men  who  were  at  hand.  He  at  once  des- 
patched his  card,  with  a  huriedly  written  request,  to  the  resident 
engineer,  of  the  Main  drainage  works,  or  his  representative,  to  bring 
immediately  all  the  men,  with  barrows,  picks,  spades,  and  other  re- 
quisite tools,  that  he  could  muster. 

The  explosion  had  startled  every  one  at  Plumstead.  Mr.  F.  R. 
Houghton,  one  of  the  engineering  staff  of  the  Metropolitan  Board,  and 
representing  Mr.  Grant  and  Mr.  Bazalgette,  is  resident  there  ;  and  he 
was  aroused,  and  was  soon  on  his  way.  He  was  met  by  Mr.  Moore's 
messenger.  The  men  at  the  Outfall  works  seem  to  have  had  the  idea 
at  once,  that  their  services  would  be  required ;  and  they  started,  about 
400  in  number,  on  the  moment  that  Mr.  Houghton  gave  the  order. 
To  both  Mr.  Moore  and  Mr.  Houghton  the  highest  praise  that  we  could 
give  them  would  not  be  too  much;  and  the  first  of  these  gentlemen 
has  most  deservedly  received  the  thanks  of  a  public  meeting  at  Erith. 
Whilst  Mr.  Houghton,  with  Mr.  Webster's  navvies  were  on  the  way, 
and  immediately  upon  their  arrival,  Mr.  Moore  directed  the  filling-in 
of  the  interstices  of  the  lumps  of  earth,  with  puddle,  rather  as  the  best 
extemporized  foundation,  than  as  a  sufficient  substitute  for  a  properly 
consolidated  one.  The  work  was  punned  in  and  rammed  as  well  as 
time  would  permit;  but  it  became  evident  almost  immediately  to  Mr. 
Moore  and  Mr.  Houghton,  that  the  force  under  them  would  be  insuf- 
ficient. They  then  forwarded  a  communication  to  Major-general 
Warde,  the  commandant  at  Woolwich;  and  the  result  showed  that 
*'the  system  "  must  have  undergone  a  change  calculated  to  gratify  the 
people  of  England ;  for,  by  half-past  nine  o'clock,  detachments  of 
sappers  and  artillery,  to  the  number  of  about  1500,  were  on  the  ground, 
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with  appliances  of  military  engineering.  They  were  under  the  imme- 
diate command  of  Colonel  Hawkins,  of  the  engineers;  but  General 
Warde  was  also  present.  They  were  followed  by  the  oth  Fusiliers, 
and  the  Marines,  some  of  the  force  being  necessary  to  keep  the  ground; 
for,  as  the  day  advanced,  great  crowds  were  attracted  from  the  sur- 
rounding places  and  from  London.  A  considerable  amount  of  work 
had  been  done  before  the  troops  arrived;  but  it  Avas  necessarily  hur- 
ried, as  it  was  essential  to  keep  above  the  rising  tide.  The  work  con- 
tended with  the  tide,  to  use  the  words  of  those  Avho  were  present,  "inch 
by  inch;"  but  it  was  kept  always  above  the  tide. 

The  troops  brought  with  them  a  few  thousand  bags,  such  as,  filled 
with  sand,  are  used  in  the  construction  of  sand-bag  batteries;  these 
were  filled  with  clay,  which  was  fortunately  to  be  had  by  digging; 
and  the  bags  were  passed  from  hand  to  hand,  and  laid  in  the  form  of 
an  arch  or  plan,  to  make  the  landward-side  of  the  upper  half  of  the 
embankment,  puddle  being  filled  in  between  them,  and  the  whole  being 
rammed  down,  now  in  a  more  complete  manner  than  had  been  possible 
at  first.  At  length,  about  two  or  three  o'clock,  the  work  was  completed, 
having  withstood  the  tide.  In  the  night  of  Saturday,  it  sank,  as  had 
been  expected,  G  or  8  ft.,  and  water  trickled  through.  The  military 
and  navvies  were  actively  occupied,  backing  up  and  ramming  the  work, 
on  Sunday,  when  the  embankment  was  exposed  to  the  waves  washed 
by  a  heavy  gale,  and  stood  the  test.  Next  day,  we  believe,  it  passed 
into  the  hands  of  the  Dartford  Commissioners,  when  a  band  of  navvies 
were  engaged,  still  further  consolidating ;  and  the  work  was  reported 
as  secure  as  the  original  wall.  On  Wednesday,  however,  there  were 
still  200  navvies  engaged ;  and  it  had  been  deemed  prudent  to  fill  up 
the  hole  in  the  foreshore,  caused  by  the  explosion  of  the  barges,  with 
chalk  stone,  of  which  100  tons  were  thrown  in.  At  one  time,  on  the 
Saturday,  the  danger  seemed  so  imminent,  that  Mr.  Moore  proposed, 
if  he  did  not  actually  make  arrangements  for,  the  scuttling  and  sink- 
ing of  a  dozen  barges  loaded  with  clay,  to  form  a  breakwater  in  front 
of  the  breach ;  but  this  arrangement,  if  Perry's  reasoning  on  his  ex- 
perience at  Dagenham  be  correct,  could  have  been  only  a  forlorn  hope  : 
as  there  would  have  been  scour  under  the  bottom  of  the  barges;  and, 
in  two  or  three  tides,  a  deep  channel  might  have  been  scooped  out. 

The  manner  in  which  the  military  went  to  their  work,  elicited  the 
admiration  of  all  who  saw  it,  including  that  of  the  navvies;  and  the 
civil  engineers  named,  have  expressed  their  warm  acknowledgments. 
It  is  evident  that  without  the  force  and  dicipline  of  the  great  body  of 
men  brought  upon  the  ground  on  Saturday,  and  again  on  Sunday,  the 
previous  Jabor  (not  bating  a  particle  of  thQ  credit  due  for  it)  would 
have  failed  to  cope  with  the  diificulty. 

How  the  m.atter  of  accounts  with  Mr.  Webster,  is  to  be  settled,  we 
have  not  heard  ;  but  there  seems  some  doubt  whether  actions  will  lie 
against  the  proprietors  of  tiie  magazines,  by  any  of  the  parties  who 
have  suffered,  or  whether  the  insurance  offices  can  be  expected  to  treat 
the  injuries  to  property  insured  only  against  fire  as  having  resulted 
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therefrom ;  though  one  or  two  offices  are  understood  to  be  ready  so  to 
consider  the  injuries. 

We  have  hinted  that  there  is  some  reason  to  apprehend  that  the 
embankments  of  the  Thames,  which  are  said  to  make  in  the  total  300 
miles,  are  not  as  they  should  be  for  security.  The  danger  averted, — 
and,  as  we  have  shown,  through  a  most  fortuitous  conjuncture  of  cir- 
cumstances,— will,  we  hope,  incite  the  several  Commissioners,  and  the 
Conservators  of  the  Thames,  to  consider  whether  better  survey,  and 
more  frequent  reparation  of  the  embankments  and  sluices  are  desira- 
ble ;  and  whether  it  would  not  be  well  to  prevent  such  risk  as  is  proved 
to  be  incurred  by  the  storage  of  gunpowder  in  a  position  where  explo- 
sion may  cause  a  breach. 


For  the  Journal  of  the  Franklin  Institute. 

General  Problem  of  Trussed  Grirders.  By  De  Volson  Wood, 

Prof,  of  C.  E.J  University  of  Michigan. 

(Continued  from  page  236.) 

If  the  diagonal  bars  act  as  ties,  and  h  c,  Fig.  5  is  subjected  to  a 

strain,  we  will  make  a  section  just  at  the  left  of  b.    We  might  use  the 

former  section  and  take  the  origin  at  c ;  or  we  might  let  the  origin 

remain  at  a,  but  in  the  latter  case  we  would  have  two  moments,  one  the 

moment  of  b  c,  the  other  of  c  d.    The  first  being  the  simplest,  we  will 

take  the  origin  at  b. 

Considering  as  before  the  forces  at  the  right  of  the  section,  and  wo 
have  to  consider  the  strains  on  the  infinitely  short  parts  of  the  bars 
a  b,  b  c,  and  c  d.  To  produce  tension  on  this  part  of  b  c  the  force 
acts  from  b  towards  c.  Therefore  we  have  a^  =  90°  +  6  and  the  other 
angles  as  before.     These  in  (10)  give 

F  cos  / — F^  cos  I'l — Fg  sin  ^=0  "^ 

Fsinz  —  Fj  sin  i\4- Fg  cos  ^=v — Sq^' F      V     •         ♦      (12) 
F,  h  cos  z\  =YX, — Sq^  px  ) 

Equations  (12)  may  be  deduced  from  (10)  by  substituting  minus 
G  for  9.  Equations  (10)  or  (12)  are  applicable  to  Fig.  4  by  observing 
the  signs  of  the  angles.  It  must  be  observed  that  at  the  left  of  the 
middle  the  signs  of  i  and  ^^  change  and  become  negative. 

9°.  Let  the  loiver  chord  he  convex  downwards,  as  in  Fig.  6.  Equations 
•^^^  (10)  are  immediately  applicable  by 

observing  that  at  the  right  of  the  mid- 
dle, i  is  positive,  r\  negative  and  9  posi- 
tive or  negative  according  to  the  incli- 
nation of  the  bar  ;  while  at  the  left  of 
the  middle,  2  is  negative  and  /,  positive. 
Example.  Let  the  quantities  be  as  in  the  preceding  example,  only 
observe  that  the  inclination  of  the  lower  chord  is — 20°,   and  we  find 
from  (10)  that  for  a  load  over  the  whole  length ; 

F  =  218,  F,  =  143,  and  f^  =  — 107. 
The  negative  value  of  F3  indicates  that  it  is  a  tie. 
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10°.  The  same  equations  apply  to  the  case  where  the  upper  chord 
is  convex  downwards  and  the  lower  convex  upward  as  in  Fig.  7,  by 
observinor  the  si^ns  of  the  ansles. 


/9c  7' 


/9<r^ 


(13) 


/~/c  S 


11°.  Let  the  upper  chord  be  horizontal  and  the  lower  one  convex  up- 
wards as  in  Fig.  8. 

Make  i=  Oin  (10)  and  call  the  horizontal  force  in  the  upper  chord 
II  and  (10)  becomes 

F,  cos  t'l  +  Fg  sin  9  =11  'i 

FjSin  e\-f-F2C0Sff=v  —  2^*'  p 
F^  h  cos  {^  VX-^Zq""  }>x 

At  the  left  of  the  middle,  /,  is 
negative. 

12°.  Let  the  lower  chord  be 
convex  downwards. 

In  this  case  we  have  only  to 
change  the  sign  of  ?,  in  (13).  If  we  suppose  that  all  the  ties  and  braces 
are  omitted — or  what  is  etjuivalent,  suppose  6  =  0 — we  shall  have  the 
analytical  condition  of  the  suspension  bridge.  Making  /,  negative  and 
^=0  in  (13)  and  we  have 

u=F^  cos  2*1  =  0  1 

F,sin?;H-F.=v-So^' p.        J^  .  .        (14) 

i\  h  cos  i\     ^va;^-  xj^  vx   ) 

In  the  suspension  bridge  the  land  cables  resist  the  strain  which  is 
now  thrown  upon  the  chord  ah,  Fig.  iK  From  the  first  of  these  we 
observe  that  for  ?i  =  0;  u  =  v^i.e.  at  the  lowest  point  the  tension  of 
the  cable  equals  the  compression  of  the  upper  chord.  Also  froni 
the  first  l\  cos  ?,  =  h,  that  is,  the  horizontal  component  of  the  tension 
at  any  point  equals  the  tension  at  the  lowest  point,  and  this  is 
true  whether  the  curve  be  parabolic,  catenarian,  or  any  other  form. 

From  the  second  of  (14)  we  have 

Fj  sin  ^^  =  V-Z/«  P-F^ 

in  which  F.^  may  be  included  in  s^^'  p,  and  thus  not  appear  as  a  sepa- 
rate term.    Hence  we  have 

F,  sin  /,  =  v-2o'<  p  .  .         (15) 

which  shows  that  the  vertical  force  resolved  by  the  arch  (or  cable)  at 
any  point  equals  the  portion  of  the  load  which  is  supported  by  the 
pier  generally  diminished  by  all  the  load  between  it  and  the  same 
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pier;  or  equal  the  load  between  the  lowest  point  of  the  curve  and  the 
point  considered. 

If  the  load  and  ties  be  considered  continuous,  and  the  loading  follow 
any  algebraic  law,  the  cable  will  be  a  continuous  curve,  and  the  pre- 
ceding equations  may  be  more  conveniently  expressed  in  the  following 
way: 

Let/  {x  y)  be  the  equation  of  the  curve, 
s  any  portion  of  the  arc, 
T  =  F^= tension  at  any  point 

,,  .      dx  .     .     dy 

then      cos  2,  =-7-  sin  2,=— 

'      (is  *    ds 

Hence,  (14)  and  (15)  become 

dx 
ds 
dy 

ds 

,dx 
In — =v^' — 2  ^  pa; 
ds 


(16) 


From  (16)  we  may  determine  the  mechanical  conditions  of  the  cable 
such  as  tension  and  deflection. 

For  instance  suppose  the  load  is  uniformly  distributed  over  the 
span,  and 

Let  L=the  length  of  span, 

w=the  load  on  a  unit  of  length,  and  take  the  origin  at  the  low- 
est point. 
Then  v==|  w  L  ;  2^  =«*  v  ==  w  (-|  L  —  x).     These  substituted  in  the 
second  of  (16)  and  then  differentiated  gives 

dT-^=wdx  .  .  .  .     (17) 

The  value  of  t  from  the  first  of  (16)  substituted  in  (17)  gives 

dy 
dR~--=wdx  the  integral  of  which 

2n 
is  ^'=^i/  •  •  •  •     (18; 

which  is  the  equation  of  a  parabola. 

Equation  (18)  aids  us  in  using  the  third  of  equation  (16),  but  the 
latter  is  rarely  necessary,  when  the  equation  of  the  curve  is  known. 

Equation  (18)  and  the  third  of  (16)  give  the  same  value  for  H  at 
the  lowest  point.     For  at  the  lowest  point  x~^'L^=Xyy  y=hssiji 

dx 

iXS 
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■which  in  the  third  of  (10)  gives 

D  8d  *  '  ^    ^  ' 

whicli  is  the  same  that  we  ohtain  directly  from  (18).    The  same  result 
may  be  obtained  geometrically. 

We  would  proceed  in  a  similar  way  if  the  loading  follows  any  other 
law.  If  the  loading  be  the  cable  itself — forming  a  catenary — we  have 

V  —  X(/'  P  =  j  <5  Kds,  when  u  is  the  weight  of  a  unit  of  volume  and  K 

the  section  of  the  cable. 

If  the  load  increases   uniformly   from  the   middle   each  way,  then 

13°.  If  the  lower  chord  be  liorizontal  and  the  upper  one  convex 
upwards,  we  have  2,  =  0,F,  =  ii,  in  (10),  which  will  give 

Fcosi  +  Fj  sin  ^=ir,  ^ 

Fsini-f-Fj  co3^=v  —  Zq'^iP  >         .         .         .      (20) 
liji     z=^jx^ — 2/iPa:J 

The  equations  thus  far  deduced  are  for  the  most  general  distribu- 
tion of  the  load.  Let  us  now  suppose  that  the  load  is  uniformly  dis- 
tributed over  a  part  or  the  whole  of  the  span,  being  continuous  from 
one  end  to  the  point  considered, — or  from  end  to  end, — as  the  case 
may  be.     If  the  load  extends  from  end  to  end  we  readily  have 

If  it  extends  from  the  remote  end  to  the  point  considered — thus 
giving  the  maximum  shearing, — we  have 

?<'(l — x.Y 

•  .         .         .  (22) 


^  '''''    \  f21) 


=  0] 


It  is  Impossible  to  strictly  realize  the  latter  condition,  for  the 
weight  of  the  frame  always  forms  an  appreciable  part  of  the  load, 
and  may  be  considered  a  permanent  load,  while  the  surcharge  may 
be  called  moveable  or  transient. 

These  may  be  considered  separately  or  together.  If  separately, 
we  shall  have  for  the  case  of  maximum  shearing  arising  from  the  sur- 
charge, from  (20) 

F  cos  i  +  F^  sin  o  =  ll^    '\ 

F  sin  2H-F.cosO  =  v     V         .         .         .         .       (23) 
nh    =Va:,  J 

The  1st  and  2d  of  (23)  are  the  same  as  (3)  and  (2)  page  224  of 
the  April  number  of  the  Journal  for  this  year. 

The  weight  of  the  frame  cannot  bo  defiuitely  known  until  the 


310  Civil  Engineering. 

strains  upon  the  several  parts  are  known,  but  these  cannot  be  known 
until  the  load  is  known ;  hence  the  strains  due  to  the  weight  of  the 
frame  remain  an  implicit  function  of  the  weight.  ^  We  may,  however, 
approximate  to  the  weight  by  assuming  that  it  is  an  uniform  load, 
and  then  finding  the  sections  of  the  principal  parts  at  the  middle  of 
the  frame.  This  assumption  will  not  be  far  from  the  truth,  and  will 
generally  be  on  the  side  of  safety.  I  give  the  following  as  one  method 
of  finding  the  approxmate  weight. 

Let  K=the  section  of  the  upper  chord  at  the  middle  which  also 
equals  the  section  of  the  lower  one, 
L=the  total  length  of  span, 
D=the  depth  of  frame  at  the  centre. 
j_tl^e  weight  of  a  unit  of  volume  of  the  frame, 
w  =  the  ratio  between  the  weight  of  a  chord  and  the  whole 
weight  of  the  frame. 
Then  the  weight  of  the  frame  equals  w  o  k  L 

and  v=^M^KL 


/=-/q/^ 


Let  a  section  be  made  at  the  mid- 
dle of  the  frame,  and  taking  A  as  the 
origin  of  moments  and  we  have 
I  ?ioKLXiL==the  moment  of  the  frame, 
^wi?=i\ie  moment  of  the  sur- 


charge. 
Hence  the  equation 


lw\} 


HD  =  |no  kl' 

ndKL^  +  wtJ 


H  = 


(24) 


8d 


But  this  horizontal  force  must  be  resisted  by  the  material.    If  C  be 
the  resistance  to  crushing  of  a  unit  of  section,  we  have 


CK  =  H  = 


K  =  , 


8d 


(25) 


8  CD «0L' 

For  cast  iron  ^=sr0-25  lbs.  per  cubic  inch, 
for  wrought  iron  ^=0*27  lbs.  per  cubic  inch, 
for  wood  o=s0-03  lbs.  per  cubic  inch, 

and  n  may  be  3,  4,  5,  or  6,  according  to  the  nature  of  the  structure. 
Although  the  weight  of  the  frame  may  be  considered  an  uniform 
load,  yet  it  produces  very  different  strains  in  different  structures. 
For  instance,  if  the  upper  chord  be  a  parabola,  so  much  of  the  chord 
as  is  really  an  uniform  load  produces  no  strains  upon  the  ties  and 
braces  ;  while  the  lower  chord  and  ties  strain  the  ties  and  braces. 

If  the  chords  are  parallel  they  produce  the  same  or  very  nearly  the 
same,  strains  as  an  uniform  surcharge.  It  is  safe  to  consider  the 
effect  in  most  practical  cases  the  same  as  for  an  uniform  surcharge, 
and  I  shall  so  consider  it  hereafter. 

Although  the  load  may  be  continuous,  yet  it  is  really  supported 
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at  the  joints  where  the  ties  and  braces  are  connected  with  the  chords  ; 
and  the  same  efTect  would  be  produced  upon  the  trussin;^  if  the  load 
were  divided  into  as  many  equal  weights  as  there  are  bays,  and  each 
weight  were  supported  directly  by  the  ties  and  braces.  This  hypo- 
thesis will  enable  us  to  slightly  modify  the  preceding  equations. 
They  may  also  be  modified  for  many  forms  of  trusses  so  as  to  be  more 
convenient  for  computation.  These  modifications  will  form  the  sub- 
ject of  the  next  article. 

(To  be  ContinucJ.) 


MECHANICS,  PHYSICS,  AND   CHEMISTPxY. 


Note  on  the  Variations  of  Density  produced  hj  Heat  in  Mineral 
Substances.     By  Dr.  T.  L.  Piiipson,  F.C.S. 

From  the  London  Chemical  News,  No.  235. 

That  any  mineral  substance,  whether  crystallized  or  not,  should 
diminish  in  density  by  the  action  of  heat,  might  be  looked  upon  as  a 
natural  consequence  of  dilation  being  produced  in  every  case  and  be- 
coming permanent.  Such  diminution  of  density  occurs  with  idocrase, 
Labradorite,  feldspar,  quartz,  amphibole,  pyroxene,  peridote,  Samar- 
skite,  porcelain,  and  glass.  But  Gadolinitc,  zircons,  and  yellow 
obsidians  augment  in  density  from  the  same  cause.  This  agniii  may 
be  explained  by  assuming  that,  under  the  influence  of  a  powerful  heat, 
these  substances  undergo  some  permanent  molecular  change.  But  in 
this  note  I  have  to  show  that  this  molecular  change  is  not  permanent, 
but  intermittent,  at  least  as  regards  the  species  I  have  examined,  and 
probably  with  all  the  others.  Such  researches,  while  tending  to  eluci- 
date certain  points  of  chemical  geology,  may  likewise  add  something 
to  our  present  knowledge  of  the  modes  of  action  of  heat.  My  experi- 
ments were  undertaken  to  prove  an  interesting  fact  announced  formerly 
l)y  Magnus — namely,  that  specimens  of  i<locrase  after  fusion  had 
diminished  considerably  in  density  without  undergoing  any  change  of 
composition:  before  fusion  their  specific  gravity  ranged  from  3*349  to 
3-45,  and  after  fusion  only  2*93  to  2-945.  Having  lately  received 
specimens  of  this  and  other  minerals  brought  from  Vesuvius  in  January 
last  by  my  friend  Henry  Butter,  Esq.,  I  determijied  upon  repeatiirif 
this  experiment  of  Magnus.  I  found,  first,  that  what  he  stated  for 
idocrase  and  for  a  specimen  of  reddish-brown  garnet  was  also  the  case 
with  the  whole  family  of  garnets  as  well  as  for  the  minerals  of  the 
idocrase  groupe;  secondly,  that  it  is  not  necessary  to  melt  the  mine- 
rals :  it  is  sufficient  that  they  should  be  heated  to  redness  withou; 
fusion,  in  order  to  occasion  this  change  of  density  ;  thirdly,  that  the 
diminished  density  thus  produced  by  the  action  of  a  red  heat  is  not  a 
permanent  state,  but  that  the  specimens,  in  the  course  of  a  month  or 
less,  resume  their  original  specific  gravities.  These  curious  results 
were  first  obtained  by  me  with  a  species  of  lime  garnet  in  small  yellow- 
ish crystals,  exceedingly  brilliant  and  resinous,  almost  granular, 
fusing  with  difficulty  to  black  (namel,  accompanied  with  very  little 
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leucite  and  traces  of  grossular,  and  crystallized  in  the  second  system. 
Specimens  weighing  some  grammes  had  their  specific  gravity  taken 
■with  great  care,  and  by  the  method  described  by  me  in  the  Chemical 
Kews  for  1862.  They  were  then  perfectly  dried  and  exposed  for  aboat 
a  quarter  of  an  hour  to  a  bright  red  heat.  When  the  whole  substance 
of  the  specimen  was  observed  to  have  attained  this  temperature,  with- 
out a  trace  of  fusion,  it  was  allowed  to  cool,  and  when  it  had  arrived 
at  the  temperature  of  the  atmosphere,  its  specific  gravity  was  again 
taken  by  the  same  method  as  before.  The  diminution  of  density  being 
noted,  the  specimens  were  carefully  dried,  enveloped  in  several  folds  of 
filtering  paper,  and  put  aside  in  a  box  along  with  other  minerals.  In 
the  course  of  a  month  it  occurred  to  me  that  it  would  be  interesting  to 
take  the  specific  gravity  again,  in  order  to  ascertain  whether  it  had 
not  returned  to  its  original  figure,  when,  to  my  surprise,  I  found  that 
each  specimen  had  effectively  increased  in  density  and  had  attained 
its  former  specific  gravity.     Thus : 

Lime  garnet  mcllitite  \fr07n  Vesuvius). 
Density  after  being 

Original  Density.             heated  red-hot  for  Density  determined  in 

a   quarter    of    an  a  month  after  the 

hour  and   allowed  experiments, 
to  cool . 

I.     3-345           .           .           2-978             .  .         .             3-344. 

II.     3-800          .           .           2-980            .  .         .             8-350. 

III.     8-849           .           .           2-977             .  .         .             3-345. 

The  same  experiments  were  made  with  several  other  minerals  be- 
longing to  the  idocrase  and  garnet  family,  and  always  with  similar 
results.  Now  I  ask,  what  becomes  of  the  heat  that  seems  to  be  thus 
shut  up  in  a  mineral  substance  for  the  space  of  a  month  ?  The  sub- 
stance of  the  mineral  is  dilated,  the  distance  between  its  molecules  is 
enlarged,  but  these  molecules  slowly  approach  each  other  again,  and 
in  the  course  of  some  weeks  resume  their  original  positions.  What 
induces  the  change,  or  how  does  it  happen  that  the  original  specific 
gravity  is  not  acquired  immediately  the  substance  has  cooled  ?'*"  Will 
the  same  phenomenon  show  itself  with  other  families  of  minerals  or 
with  the  metallic  elements?  Such  are  the  points  which  I  propose  to 
examine  in  the  next  place ;  in  the  mean  time  the  observations  1  have 
just  alluded  to  are  proof  that  bodies  can  absorb  a  certain  amount  of 
heat  not  indicated  by  the  thermometer  (which  becomes  latent),  and  that 
this  is  eifected  without  the  body  undergoing  a  change  of  state ;  secondly, 
that  they  slowly  part  with  this  heat  again  until  they  have  acquired 
their  original  densities ;  thirdly,  so  many  different  substances  being 
affected  by  a  change  of  density  when  melted  or  simply  heated  to  red- 
ness and  allowed  to  cool,  it  is  probable  this  property  will  be  found  to 
belong,  more  or  less,  to  all  substances  without  exception. 

*  Some  minerals,  like  euclase,  that  become  electric  by  heat,  retain  that  state  for  a 
considerable  time.  The  increase  of  density  of  Gadolinite  and  the  decrease  of  density 
of  Samarskite  by  action  of  heat,  are  accompanied  by  a  vivid  emission  of  light,  as 
mentioned  in  my  -work  on  "  Phosphorescence,"  &c.,  pp.  31  and  32,  where  H.  Eose's 
ingenious  experiment  is  described. 

Proceedings  of  the  Royal  Society,  May  20, 1864. 
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On  the  Pressure  of  Steam  at  Idgh  Temperatures.  By  R.  A.  Peacock,  C.E. 

From  th''  Lonilori  Arti/.aD,  Feb.,  lSt',4. 
(Continued  from  page  124.) 

The  reader  has  now  the  means  of  forming  liis  own  opinion  as  to  tho 
degree  of  reliance  wliich  can  be  placed  on  the  formula.  Tliat  is  to 
say,  if  he  accepts  IJr.  Fairbairn's  temperature  with  the  respective 
pressures  of  5G"7  and  GO-G  tbs.,  and  discards  M.  Kegnault's  tempera- 
tures, which  are  about  [^  of  a  degree  Fahr.  greater  fur  equal  pressures, 
then  the  formula  will  be  as  accurate  as  could  be  expected  or  even 
wished  for.     Because  we  should  have  as  follows : — 


Pressure. 

Temperature. 
Fahrenheit. 

Formula. 

Dincrcnccs. 

lbs.  per  sq.  in. 

30 

M.  Rcgnault 

250-23 

250-17 

+  •06 

56-7 

Dr.  Fairbairn 

288-25 

288-20 

+  •05 

CO-6 

Ditto 

292-53 

292-48 

+  -05 

300 

iVf.  Regnault 

417-50 

417-32 

+  •18 

336-3 

Dr.M.Rankine* 

42800 

42805 

—  •05 

Tiiese  differences  are  exceedingly  small.  But  if  on  the  other  hand, 
any  reader  rejects  Dr.  Fairbairn's  experiments  aforesaid  and  adopts  M. 
lle<rnault's  table  throufihout,  the  formula  will  be  valueless  to  him  for 
pressures  greater  than  about  400  los  to  the  square  inch.  Because 
M.  llegnault's  table  gives  a  temperature  less  than  the  formula  by  -24 
for  25  lbs,  this  differance  gradually  diminishes  with  increasing  pres- 
sures until  at  29  lbs  the  table  and  the  formula  are  exactly  e([ual. 
With  higher  pressures  the  table  gives  temperatures  in  excess  of  the 
formula,  which  excess  gradually  increases  until  it  attains  its  maximum 
of  -73°  Fahr.  at  80  lbs,  after  which  the  excess  gradtJally  dimiuishc?, 
until  the  table  and  formula  would  be  identical  at  about  320  lt)s  pres- 
sure. After  which  the  formula  would  be  in  excess  of  the  table,  which 
excess  would  be  greater  and  greater,  until,  as  aforesaid,  at  about 
400  ft)S.  pressure,  the  formula  would  cease  to  be  of  any  value  to  the 
reader  in  question.  These  variances  will  be  more  readily  apprehend- 
ed by  considering  the  following  diagram,  where  the  full  line  repre- 
sents the  temperatures  in  M.  llegnault's  table,  and  the  dotted  i!ie 
temperatures  of  the  formula;-^ 


*  This  is  eupposinpj  Dr.  M.  Ilankinc's  to  be  an  experiment  anJ  not  a  calculnii;=. 
Vol.  XLVIII.— Tuiku  ^ekies.— No.  5.— Novemukb,  1804.  J7 
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By  which  it  will  be  seen  that  the  formula,  after  about  400  Sbs,  will 
necessarily  diverge  more  and  more  from  the  table.  The  diagram 
shows  the  manner  of  the  discrepancy,  greatly  exaggerated  in  degree. 
The  formula  is  as  follows: — It  has  been  stated  that  the  tempera- 
ture increases  as  the  4J  root  of  the  pressure  in  flbs  per  square  inch. 
Now  for  a  pressure  of  29  lbs.  to  the  square  inch  both  M.  Regnault's 
table  and  formula  give  the  same  temperature,  viz :  248-3°,  let  it 
therefore  be  assumed  accordingly  as  a  basis  to  commence  from.  AVe 
shall  then  have  by  the  formula,  supposing  the  temperature  to  give  a 
pressure  of  300  lbs.  is  required — 

log.  of  29  lbs.     ,         foiooo      log.  of  300  lbs.    ,         r-^ip-ooo 

°     ,  ^  :  log.  of  248-3°  : :  — ^ .  . :  log.  of  41  <  -32^ 

4-5  °  4-0  ^ 

which  is  the  temperature  required,  as  per  table  appended  hereto.  But 
this  process  may  be  shortened.  The  following  is  the  working  formula 
and  gives  the  same  results  with  half  the  labor,  which  is  of  importance 
where  the  calculations  are  numerous.  By  it  the  following  table  was 
calculated.  No  basis  is  required,  the  temperature  is  ascertained"at 
once  by  adding  the  constant  log.  2-07,  which  is  equivalent  to  adding 
the  second  term  and  deducting  the  first. 

Working  formulas. — When  the  temperature  to  produce  a  given 
pressure  is  required  : — 

Rule. — Divide  the  log.  of  the  given  pressure  by  4-5,  and  add  log. 
2*07 ;  the  sum  is  the  log.  of  the  temperature  required. 

Example — Required,  the  temperature  to  produce  a  pressure  of  29 
tt)3  per  square  inch  ? 

^^g-  ""^^^  ^^'  +  2-07  =log.  of  248-3°  the  temperature  required. 

Or  when  the  pressure  produced  by  a  given  temperature  is  required, 
we  have  only  to  reverse  the  operation.  Thus,  let  it  be  required  what 
pressure  per  square  inch  will  a  temperature  of  417*32°  Fahr.  produce  ? 
Here  we  have 

log.  of  417-32°— log.  2-07  x  4-5  =  log.  of  299-93  lbs.* 
the  pressure  required. 

Or,  again,  let  it  be  required  what  will  be  the  pressure  of  steam  of 
a  temperature  of  3000°  Fahr.  which  Sir  W.  G.  Armstrong   assumed 
as  the  temperature  of  subterranean  fusion  in  his  address  to  the  British 
Association. 
log.  of  3000''  =  3-4771213— 2-07  =  1-4071213  x  4|  =  6-3320458  = 

2,148,050  lbs.  =  959  tons  per  square  inch, 
if  the  formula  can  be  depended  on  so  far,  and  it  would  be  difficult  to 
prove  either  an  affirmative  or  a  negative,  if  we  adopt  Dr.  Fairbairn's 
experiments. 

It  thus  appears  that  by  first  ascertaining  the  temperature  of  satu- 
rated steam  in  a  boiler,  we  at  once  get  the  pressure.  Professor  Da- 
niell,  F.R.S.,  ascertained  the  heat  of  a  common  fire  to  be  1141° 
*  The  correct  temperature  by  the  rule  for  300  Kis.  is  not  417-32°,  but  417-322  -f". 
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Falir.  ;  this  would  give  by  the  formula  a  pressure  of  upwards  of  12 
tons  per  square  inch.  Now,  supposing  an  ordinary  boiler,  made  of  g 
boiler  plate  ;  of  course  the  strength  of  the  plates  wouhl  be  reduced  in 
strength  at  the  joints  by  the  rivet  holes,  and  additionally  by  the  length 
of  the  boiler,  if  that  was  considerable — short  boilers  being  much 
stronger  than  long  ones — a  plate  here  and  there  would  also  be  sure 
to  be  defective.  All  this  being  considered,  there  is  no  reason  for  sur- 
prise that  such  boilers  should  burst  where  the  pressure  may  be  of  any 
amount  up  to,  and  even  exceeding,  12  tons  per  square  inch.  At  the 
same  time,  it  is  probably  quite  true  that  explosions  sometimes  take 
place  from  other  causes  than  excessive  pressure  of  steam  directly  on 
boiler  plates. 

Dr.  Fairbairn'a  experiments  on  the  tensile  strength  of  rivet  iron 
prove  that  iron  may  be  heated  up  to  about  400°  Fahr.  without  impair- 
ing its  strength.*-  This  temperature  gives  a  pressure  of  250  lbs.  per 
square  inch.  Now,  if  steam  can  be  conveniently  and  economically 
lieated  up  to  this  point  (which  ought  not  to  be  exceeded),  it  follows 
that  boilers  might  be  made  much  smaller  than  they  are  at  present 
where  the  pressure  often  does  not  exceed  one-tenth  part  of  250  lbs. 
In  that  case,  of  course,  the  boilers  must  be  made  much  stronger  ;  they 
might,  in  fact,  be  made  of  thin  armor  plates  of  Bessemer's  steel,  join- 
ed together  with  double  rows  of  rivets  first,  and  then  be  properh- 
bound  together  with  steel  bars. 

To  ascertain  the  steam  pressure  correctly,  the  following  plan  mif^ht 
be  adopted.  Provide  a  coiled  steel  spring  suitably  strong,  carryin«T 
an  index,  and  contained  in  a  case  or  cavity  like  an  ordinary  letter 
weigher.  Place  actual  weights  of  different  amounts  on  the  top  of  the 
brass  piston,  and  graduate  accordingly.  This  will  prevent  mistakes 
about  the  actuality  of  the  pressure  indicated.  Insert  the  top  of  this 
piston  of  one  inch  square,  on  which  the  steam  is  to  act,  throuf^h  the 
top  plate  of  the  boiler,  and  fix  the  instrument  firmly  there  in  an  inverted 
position,  the  index  and  spring  being  outside  the  boiler.  The  piston  mav 
work  through  a  stuffing  box.  In  like  manner  a  thermometer  may  be 
aflixod,  the  bulb  being  inside  the  boiler.  Thus  the  pressure  and  tem- 
perature can  l»oth  be  read  ofl*.  The  pressure,  as  has  been  said,  must 
not  be  allowed  to  get  above  the  250  lbs.,  so  that  the  boiler  would  be 
quite  safe  from  bursting.  This  plan  would  apparently  settle  the  question 
of  boiler  explosions  ;  and,  the  boiler  being  small,  it  would  not  be  out- 
of-the-way  expensive,  notwithstanding  its  being  made  of  steel  and  un- 
precedentedly  strong.  In  this  case  the  specific  volume  of  the  steam, 
or  the  ratio  of  the  volume  of  the  steam  to  that  of  the  water  which  pro- 
duced it,  would  be,  accortling  to  Dr.  Fairbairn's  formula,  12.3-7G. 

For  the  purpose  of  exhibiting  in  the  following  table  that  the  tempera- 
ture gradually  increases  with  the  pressure,  which  ought  clcarlv  to  be 
the  case  if  the  calculations  are  correct,  the  whole  of  the  calculations 
are  given.  This  will  also  enable  any  one  to  make  a  comparison  between 
the  best  known  experiments  and  the  calculations. 

*  •'  Useful  Information  for  Engineers,"  second  scries,  p.  124. 


816 


31echanics,  Physics^  and  Chemistry. 


Table  of  Pressures  and  corresponding  Temperatures  of  Saturated  Steam,  calcu- 
lated on  the  theory  that  the  temperature  increases  as  the  4i  root  of  the  pressure, 
and  conversely  that  the  pressure  increases  as  the  4.}  power  of  the  temperature. 


Pressure. 

Calculation. 

Pressure. 

Calculation. 

Pressure. 

Calculation. 

lbs.  per  sq.  in. 

Temp.  Fahr. 

lbs.  per  sq.  in. 

Temp.  Fahr. 

lbs.  per  sq.  in. 

Temp.  Fahr. 

deg. 

de-. 

deg. 

25 

240-24 

53 

283-90 

145-8 

355-50 

26 

242-34 

54 

2S5-08 

147 

356-14 

26-5 

243-37 

55 

286-25 

150 

357-75 

27 

244-39 

55-9 

287-28 

154-3 

360  (i) 

27-4 

245-19 

56 

287-40 

160 

362-91 

27-6 

245-59 

66-7 

288-20 

163-3 

364-56 

28 

246-37 

57 

288-53 

165 

365-40 

28-83 

247-98 

58 

289-65 

170 

367-84 

29 

248-30 

58-8 

290-53 

170-99 

368-31 

29-4 

249-05 

59 

290-75 

180 

372-54 

30 

250-17 

60 

291-84 

182-4 

373-63 

31 

252-01 

60-4 

292-27 

190 

37704 

31-458 

2.52  83 

60-6 

292-48 

195 

379-22 

32 

2.53  81 

65 

29708 

200 

381-37 

33 

255-53 

66-15 

298-23 

203-3 

382-75 

33  1 

255-71 

67-23 

299  31 

210 

385-52 

33-71 

256-74 

69-21 

301-25 

220 

389-52 

34 

257-23 

70 

30201 

225 

391-48 

35 

258  90 

7.3-5 

305-30 

225-9 

391-82 

36 

26052 

75 

306-67 

230 

393-39 

36-75 

261-70 

79-03 

310-26 

240 

397-13 

37 

26-2-11 

80 

311-10 

250 

400-75 

37-8 

2G3-36 

80-85 

311-83 

2.52-619 

401-68 

3^ 

263-67 

85 

315-32 

254-089 

402-20 

39 

265-57 

88-2 

317-92 

255 

402-52 

39-25 

265.57 

89  86 

319-24 

260 

404  26 

40 

266-70 

90 

3 1 9  35 

270 

407  67 

40-3 

267-14 

95 

323-22 

272  008 

408-33       j 

4] 

268-16 

95-516 

323-61 

280 

410-97 

41-7 

269-17 

95-55 

323-63 

285 

412  60 

42 

269-60 

100 

326-92 

290 

41419 

42196 

269-88 

101-9 

328-28 

300 

417-32 

43 

271-02 

102-9 

329-01 

315 

421-87 

44 

272  40 

105 

330-49 

316  858 

422-42 

44-1 

272-.54 

108-4198 

33284 

330 

426  25 

45 

273-77 

110 

333-92 

336-3 

428-05 

45-49 

274-43 

110-25 

334  08 

345 

430-48 

4.5-7 

274-70 

115 

337-24 

351-8298 

432-36 

46 

275-11 

115-1 

337-30 

360 

434-58 

47 

276-42 

120 

340-44 

375 

438-54 

48 

277-72 

124-95 

343-51 

400 

444  87 

49 

279- 

125 

343-54 

420 

449-72 

49  i 

279-50 

129-8 

346-43 

440 

454-40 

50 

280-25 

130 

346-55 

450 

456  67 

51 

281-49 

132-3 

347-90 

460 

4.58-91 

51-45 

282  02 

135 

349-47 

480 

463-27 

51-7 

282-34 

139-65 

352-11 

500 

467-49 

S2 

282-70 

140 

352-30 

520 

471-58(2;' 

52-52 

283-33 

145 

355-06 

540 

475-55       ; 

'  Soft  solder,  two  parts  tin  and  one  part  lead,  melts  at  3G0° 
*  Bismuth  melts,  471-0°.     ("Dixou  on  lieat.) 
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Pressure. 

Calculation. 

Prefigure. 

Calculation. 

Pressure. 

Calculation. 

lbs.  prsq.in. 

Temp.Fahr. 
(leg. 

lbs.  prsq.in. 

Temp.Fahr. 
deg. 

prsq.in. 

Temp.Fahr. 
deg. 

Tonx.     lbs. 

r,r,o 

477-40 

1000 

628-94 

8J 

1040-63 

r>GO,  ]  ton 

470-41 

1084 

635     (2) 

4 

1056-41 

MO 

48:M0 

2000 

630-15 

9 

1063-05 

»10() 

480  82 

2055 

040      (a) 

n- 

1060 -.54 

020 

400-:58 

2100 

043-09 

0.1 

1075-90 

G;!;') 

402-00 

2200 

640-77 

'4 

1082-13 

650 

405-50 

2240,  ft  ton 

652-37 

10 

1088-23 

(;t;o 

407-24 

TdiiB.      Ibd. 

lOJ 

1004-22 

iWi) 

.0(M)-55 

1         152 

G02      (4; 

10.', 

1100-10 

7t)() 

50:5-78 

n 

686-54 

l(ll 

1105-86 

720 

5()C)-05 

n 

713-80 

11 

1111-53 

740 

5J0-04 

n 

738-77 

Hi 

1117-00 

750 

511-57 

2 

761-02 

11.1 

1122-56 

700 

513  08 

2' 

781  -20 

11^ 

1127-94 

780 

51G-04 

^1 

799-71 

12 

11.33-23 

800 

518-00 

2A         73 

802      (s) 

12} 

1188-43 

820 

521-81 

2.i       332 

810      (6) 

12     839 

1141      C) 

840 

52401 

2| 

816-82 

12J 

1143-50 

8")0 

526 

•J 

832-77 

V2i 

1148-00 

800 

G27-3G 

k 

847-72 

13 

11.53-.jO 

8H0 

530-00 

U 

861 -80 

13| 

1158-46 

000 

532-71 

3| 

875-11 

r.n 

11G3-28 

'.»20 

535-33 

4 

887-75 

i3.i 

1168-03 

•J40 

537-89 

n 

800-79 

14 

1172-72 

050 

530-16 

4.', 

925-37 

14} 

1177-34 

000 

540-41 

4  J 

0;'.2-30 

14i 

1181-90 

080 

54200 

5 

032-88 

Ui 

1186-40 

1000 

645-34 

&i 

043-05 

15 

1190-84 

lOaO 

551-28 

5.1 

052-85 

15} 

1105-22 

1100 

657-01 

■4 

062-31 

15i 

1 1 00-54 

1120,  Uon 

550-25 

<; 

071-45 

16^ 

1203-82 

1200  " 

607-80 

<i| 

08O-;5O  (T) 

16 

1208-04 

1270  00 

570-     (i) 

Oi 

9i<8-88 

17 

1224-42 

i;;oo 

578-08 

!!* 

907-21 

IS 

1240-07 

1400 

587-08 

/ 

1(K)5-31 

10 

1255-06 

1500 

600-76 

U 

1013-17 

20 

1260-45 

1000 

605-38 

7i 

1020-84 

25 

1334 

1080,  }  ton 

611-08 

n 

1028-30 

30 

1389-15 

1700 

613-50 

8 

1035-68 

50 

16.56-14 

1800 

021-43 

^} 

1042-69 

100 

1815-28 

'  Lend  melt*,  570°. 

«  Iron,  red  heat  in  the  dark,  GSS" 

•  Linset-d  oil  boils,  640°. 

*  Mercury  boils,  002°. 


'  Charcoal  burns,  802°. 

«  Antimony  niolu?,  810°. 

'  Iron,  duU  rod  boat,  080°. 

*  Heat  of  a  common  tire,  1141' 


The  following  are  the  several  mcltinf;  heats  of  some  of  the  more  re- 
fractory metals,  with  the  pressures  of  steam  of  equal  temperatures 
calculated  by  the  formula : — 


Calculations  of  Pressure  in 
Tons  j»er  square  inch. 
114 
115 
153 
2;^7 
«26 
087 
S6i) 


Urass  melts  at 
Silver         " 
Copper      " 
Gold 

Cast  iron  " 
«::ubterruae&n  fusioa 


1860°  "  Fahr. 
1873°  '» 

1000°  '»  •• 

2200"  '«  " 

2300°  '&  " 

•2~Si\°  •*  " 

^Ol.H»°  "  ^ 

ml  • 
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The  temperatures  marked  ^,  ^,  ^,  ^,  ^  °,  *  S  '  ^j  ^  ^j  '  ®)  ai'e  on  the 
authority  of  Professor  Daniell,  F.R.S.  ^^,  the  temperature  2360*^, 
is  stated  by  Dr.  Macquorn  Rankine,  F.R.S.,  to  be  that  about  at  which 
the  water  in  an  engine  boiler  would  be  totally  evaporated.  < Artizan 
Nov.,  1863,  p.  252.)  i^  In  Sir  W.  G.  Armstrong's  address  to  the 
British  Association,  at  Newcastle  (p.  9),  he  assumes  the  temperature 
of  the  subterranean  fusion  to  be  3000°  Fahr.  The  other  melting  points, 
&c.,  have  been  obtained  from  a  small  volume  on  steam,  published  by 
the  late  Mr.  Weale. 

Earthquakes,  Volcanic  Explosions  andUpheavals  of  Strata. — There 
is  another  point  of  view  in  which  this  formula  may  possibly  be  not  with- 
out interest  to  a  class  of  scientific  men,  other  than  engineers.  More 
than  a  century  ago  the  Rev.  John  Michell,  M.A.,  "conjectured"  that 
steam  might  be  the  cause  of  earthquakes,  and  he  reasons  very  ably  at 
considerable  length  on  the  subject.*  His  idea,  however,  seems  to  have 
been  dropped,  except  by  a  very  few,  by  whom  it  is  entertained  only 
as  one  out  of  several  conjectural  causes.  Now  if,  as  must  now  and 
then  happen,  fissures  open  in  the  bed  of  the  sea,  by  the  action  of  earth- 
quakes and  close  again  after  a  few  seconds  or  minutes,  it  follows  that 
a  large  body  of  water  will  rush  down  and  be  imprisoned,  and  come  in 
contact  with  the  fused  matter  below.  This  water  will  necessarily  be 
converted  into  steam,  wiiich  will  only  remain  quiescent  as  long  as  it  is 
everywhere  surrounded  by  a  resistance  greater  than  its  own  expansive 
force.  If  the  formula  approximates  towards  the  truth,  unless  the  re- 
sistance amounts  to  a  thousand  tons  per  square  inch  or  thereabouts  on 
every  side,  in  certain  cases  an  explosion  will  take  place  of  sufficient 
force  to  account  for  an  earthquake  or  volcanic  eruption,  as  the  case 
may  be.  In  reading  accounts  of  volcanoes  and  earthquakes,  it  will 
frequently  be  observed  that  hot  water  and  steam  are  ejected,  to  say 
nothing  of  the  hot  water  and  steam  which  notoriously  issue  from  boiling 
springs  and  geysers.  The  writer  has  made  a  considerable  collection 
of  such  cases.  There  is  then  plenty  of  direct  proof  of  the  existence 
of  steam  in  the  bowels  of  the  earth,  and  steam  will  not  be  idle  if  it  can 
find  any  point  of  less  resistance  than  its  own  expansive  force.  There- 
fore, in  considering  the  cause  or  causes  of  earthquakes,  volcanic  ex- 
plosions, and  upheavals  of  strata,  you  cannot  get  rid  of  steam.  For 
let  us  look  from  whatever  point  of  view  we  will  the  pressure  of  satu- 
rated steam  must  be  enormous  long  before  it  reaches  the  temperature 
of  3000  degrees. 

Sir  : — The  figures  quoted  by  Mr.  Peacock,  in  The  Artizan  for  Janu- 
ary, \_Jour.  Fr.  lyist.,  vol.  xlviii.  page  123,]  from  a  table  of  mine  in 
The  Artizan  for  November  last,  are  not  to  be  regarded  as  independent 
data  respecting  the  temperatures  corresponding  to  various  pressures  of 
high  pressure  steam.  They  are  merely  a  few  of  the  results  of  a  formu- 
la which  I  deduced  from  M.  Regnault's  experiments,  and  published  in 
1849;  and  they  may  be  regarded  as  practically  identical  with  the  re- 
sults of  those  experiments.  W.  J.  Macquorn  Rankine. 

Glasgow,  January  18C4 . 

*  Phil.  Trans.  R.S.  1760.  Vol.  II,  p.  447,  &c. 
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On  the  Supposed  Nature  of  Air  prior  to  the  Discovery  of  Oxygen. 
By  George  F.  Rodwell,  F.C.S. 

From  tlie  London  Chemical  News,  No.  217. 
(Continued  from  page  2j'J.) 

5.  Boyle  %  Experiments  continued. — Experiment  17.* — A  tube 
three  feet  long  and  a  (juarter  of  an  inch  in  diameter,  closed  at  one  end, 
was  filled  with  mercury,  and  inverted  in  a  vessel  of  the  same  metal ; 
the  latter  was  placed  within  the  air-pump  receiver,  and  the  tube  pass- 
ed air-tight  through  its  cover;  on  exhausting,  the  mercury  fell  nearly 
to  a  level  with  that  in  the  vessel;  but  the  same  level  within  and  with- 
out the  tube  could  never  be  attained,  because  when  the  exhaustion 
was  carried  on  for  some  length  of  time,  air  leaked  into  the  receiver  in 
spite  of  every  precaution.  When  a  quart  receiver  was  used,  the  first 
downward  stroke  of  the  piston  withdrew  sufficient  air  to  cause  the 
column  to  fall  eighteen  and  a-half  inches.  The  falling  of  the  mercury 
was  not,  however,  entirely  due  to  the  removal  of  pressure,  because  a 
minute  quantity  of  air  was  always  present  in  the  space  above  the  mer- 
cury, and  by  its  expansion  the  mercury  column  would  be  depressed. 
The  mercury  was  never  boiled  in  the  tube  in  these  early  experiments, 
hence  there  was  always  a  small  amount  of  air,  which  was  mechanically 
retained  by  the  mercury,  and  rose  into  the  so-called  vacuum,  when 
the  tube  was  inverted.  Boyle  states  that,  when  the  tube  was  inclined, 
the  mercury  never  reached  quite  to  the  top  of  it,  and  when  a  hot  iron 
was  held  near  that  part  of  the  tube  above  the  mercury,  a  slight  de- 
pression of  the  column  was  apparent. 

Experiment  18 — The  height  of  the  mercury  column  in  Torricelli's 
tube  was  found  to  vary  from  day  to  day,  and  it  did  not  vary  in  con- 
formity with  the  weather-glass.  According  to  Boyle  the  variation 
lu.iy  be  caused  by  ebbings  and  Sowings  in  the  atmosphere,  and  by 
sudden  changes  in  its  height  and  density,  produced  by  causes  with 
which  we  are  unacquainted.  That  changes  do  take  place,  he  con- 
siders is  proved  by  the  fact,  that  the  refracting  power  of  the  air  varies; 
and  miners  had  related  to  him  that  a  certain  steam,  called  by  them  a 
*'damp,"('  .sometimes  arises  within  mines,  and  possesses  such  "  tiiick- 
ness"  that  it  extinguishes  candles;  it  may  also  happen,  he  says,  that 
fumes  ascend  from  the  earth  with  such  rapidity,  that  the  air  through 
which  they  pass  is  dragged  upwards  by  them,  and  a  consequent  dimi- 
nution of  pressure  on  that  part  of  the  earth  beneath  the  ascending 
currents,  takes  place. 

Mr.  Wren,  being  asked  by  Boyle  to  mention  any  experiment  rela- 
tive to  the  pressure  of  air  which  he  would  wish  to  be  tried,  said  it 
would  be  of  importance  to  observe  if  the  height  of  the  mercury  column 

*  This  experiment,  as  mentioned  in  the  third  of  these  papers,  was  triod  by  a  dif- 
ferent but  far  more  complete  method  by  Pascal ;  wo  must  bear  in  mind,  however, 
that  this  treatise  "On  the  Weijxht  i>f  the  Mass  of  Air,"  was  not  published  till  10G3, 
whereas  lioyle'a  "  Physico-iMechanieal  Experiments,"  appearetl  in  IGOl.  Pascal 
undoubtedly,  made  the  experiment  tirst,  but  Boyle  was  probably  unaware  of  iho 
liact. 

f  From  the  German  ♦'dampf,'" — vapor,  steam,  fumo. 
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varied  according  to  the  tides,  inasmuch  as,  if  it  did  not  do  so,  Des 
Cartes'  theory,  that  tides  are  produced  by  the  increased  pressure 
communicated  to  the  air  by  the  moon  at  certain  times  of  the  day  than 
at  others,  would  be  disproved.  Boyle  did  not  find  the  height  of  the 
column  affected  by  the  state  of  the  tides. 

Experiment  19. — Having  observed,  in  experiment  17,  to  what  ex- 
tent a  column  of  mercury  could  be  made  to  fall  on  the  removal  of 
pressure,  Boyle  next  tried  the  same  experiment  with  a  column  of  water, 
contained  in  a  tube  four  feet  long.  On  exhausting,  the  water  fell  to 
within  a  foot  of  the  surface  of  the  water  in  the  vessel  into  which  the 
open  end  of  the  tube  dipped.  When  air  was  re-admitted  into  the 
receiver,  water  was  driven  violently  to  the  top  of  the  tube. 

In  the  21st  experiment  Boyle  declares  he  will  not  say  for  certain 
"whether  or  no  air  be  a  primogenial  bodyj"  incapable  of  conversion 
into  water;  for,  although  many  have  affirmed  that  when  water  is  heated 
it  becomes  air,  he  has  observed  in  chemical  distillations  that  the  vapor 
of  water  quickly  returns  to  water ;  and,  in  the  Musteum  Kircheria- 
num,  Schottus  states  there  is  a  hermetically  sealed  glass  vessel  half 
full  of  water,  which  had  been  sealed  for  fifty  years,  without  the  water 
becoming  air.  On  the  other  hand,  however,  it  appears  that  air  can 
be  produced,  because,  when  a  number  of  iron  nails  were  placed  in  a 
mixture  of  oil  of  vitriol  and  water,  Boyle  found  that  a  quantity  of  air 
was  evolved,  and,  although  this  does  not  prove  that  water  may  become 
air,  it  proves,  he  considers,  that  air  may  be  generated. 

If,  by  any  chance,  Boyle  had  brought  a  candle  near  his  newly- 
generated  air,  what  a  wide  field  would  have  been  opened  to  him  when 
he  found  that  there  were  other  airs  differing  from  "the  air;"  but  the 
possibility  of  there  being  different  kinds  of  air  does  not  seem  to  have 
entered  his  head ;  for  even  carbonic  acid  gas,  although  so  totally  dif- 
ferent from  ordinary  air,  was  only  distinguished  by  him  as  "thickened 
air." 

Experiment  27. — A  watch  was  suspended  by  a  thread  in  the  air- 
pump  receiver  ;  on  exhausting,  the  ticking  ceased  to  be  heard ;  but 
when  air  was  re-admitted,  it  was  heard  as  distinctly  as  before  exhaus- 
tion. 

A  bell  was  supported  in  the  receiver  by  a  bent  stick,  the  ends  of 
which  pressed  against  the  sides  of  the  receiver ;  when  the  latter  was 
exhausted,  and  the  bell  rung,  the  sound  was  distinctly  audible ;  hence 
Boyle  concluded  that  sound  can  be  conveyed  by  some  rarer  medium 
than  air. 

This  is  one  of  many  examples  of  the  great  disadvantages  under 
which  the  early  experimenters  labored,  and  we  must  make  every 
allowance  for  the  false  conclusions  at  which  they  sometimes  arrived. 
When  Boyle  made  this  experiment,  very  little  was  known  about  the 
nature  of  sound  ;  there  were  no  previous  experiments  to  tell  him  that 
the  thread  would  not  convey  the  vibrations  to  the  receiver,  whereas 
the  stick  would  do  so,  and  he,  therefore,  could  have  no  reason  for 
believing  that  there  would  be  any  difference  in  the  result  obtained, 
whether  he  suspended  his  sounding  body  by  a  thread  or  by  a  piece  of 
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wood,  and  yet  perfectly  contrary  effects  vrcre  produced,  and  he  was 
thus  led  to  a  wrong  conclusion. 

IJjr/teriment  33 — was  made  with  a  view  of  determining  the  pressure 
of  air  on  a  known  area.  The  air-pump  receiver  was  removed  from 
the  pump,  and  the  piston  forced  to  the  top  of  the  cylinder,  the  upper 
orifice  of  the  latter  (into  which  the  shank  of  the  stop-cock  of  the  re- 
ceiver fitted)  heing  left  open  ;  weights  were  attached  to  the  pistou 
until  it  was  drawn  down.  The  piston  was  then  forced  to  the  top  of 
the  cylinder — the  upper  orifice  of  the  latter  closed — and  weights  were 
again  attached  until  the  piston  was  drawn  down  ;  the  weights  obviously 
represent  the  force  necessary  to  overcome  the  pressure  of  the  air, 
acting  on  the  area  of  the  piston  -f  the  force  necessary  to  overcome 
the  friction  between  the  piston  and  pump  barrel ;  the  weight  necessary 
to  overcome  the  latter  source  of  resistance  having  been  previously 
determined,  it  was  subtracted  from  the  total  weight,  and  it  was  thus 
found  that  112  lbs.  were  competent  to  overcome  the  pressure  of  the 
air  on  the  piston.  The  experiment  waa  modified  by  drawing  the  piston 
to  the  bottom  of  the  cylinder,  against  the  pressure  of  the  air,  and 
seeing  how  much  weight  it  would  draw  up — 105  lbs.  +  the  weight  of 
the  piston  rod  was  raised.* 

Experiincnt  34. — Reasoning  by  analogy  from  the  fact  that  two 
bodies  of  equal  weight  in  air,  but  of  different  bulk,  when  weighed  in 
water  no  longer  balance  each  other,  Boyle  conceived  that  two  boillcs 
of  equal  weight  in  air  would  not  be  so  in  a  vacuum,  lie,  therefore, 
balanced  on  the  opposite  ends  of  a  balance,  capable  of  turning  with 
.('od  of  a  grain,  a  piece  of  cork  and  a  piece  of  lead;  the  balance  was 
j)laced  in  the  air-pump  receiver :  on  exhausting  the  cork  was  found 
to  preponderate,  but  on  re-admitting  air,  it  continued  to  preponderate 
from  some  cause  which  Boyle  was  unable  to  di;;COver. 

iJjjicrinwnt  3C. — It  is  obvious,  Boyle  writes,  that  if  we  could  place 
a  balance  above  the  atmosphere,  or  in  a  vacuum,  we  might  weigh  a 
quantity  of  air  in  the  scales  of  the  balance,  just  as  we  weigh  sub- 
stances in  the  air.  In  order  to  put  this  idea  in  practice,  he  procured 
a  small  ''glass  bubble,"  about  the  size  of  a  hen's  egg,  and  sealed  it 
liermetically.  It  was  then  fastened  to  one  end  of  the  beam  of  the 
balance  used  in  experiment  34,  and  was  counterpoised  by  a  piece  of 
lead.  The  balance  was  placed  in  the  receiver;  on  exhausting,  the 
vessel  of  air  greatly  preponderated,  and  by  placing  weights  on  the 
other  scale  of  the  balance,  so  as  to  drag  down  the  air  vessel,  it  was 
I'ound  that,  in  a  vacuum,  the  air  in  the  bubble  weighed  ^ths  of  a  grain. 
On  one  occasion,  when  the  exhaustion  had  been  continued  for  some 
time,  the  inclmled  air  burst  the  bubble  with  violence. 

Boyle  here  describes  several  experiments  which  he  made  in  order 
to  determine  the  relative  weights  of  air  and  water.  The  determination 
had  been  previously  made  by  several  different  methods.  Galileo  found 
Avater  to  be  400  times  heavier  than  air;  Kicciolus(by  weighing  a  blad- 

*  Thodinmetor  of  the  piston  was  thrco  inch  os  ;  hence  itsnron.  7  ofe^ti  square  inohi  *. 
Tlie  jirt^curo  of  the  tiir  ujKjn  il  would,  therefore,  bo,  iu  rouiid  nuuibcrs,  7i'i  >'•      i'> 

lUi.  ^ iucu::o lbs. 
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der  of  air  in  air),*  10,000  times;  and  Merseunus,  1356  times.  Boyle's 
method  was  to  heat  a  copper  elopile  of  known  weight  to  redness,  stop 
up  the  orifice  with  wax,  weigh,  perforate  the  wax  to  allow  air  to  enter, 
and  weigh  again  ;  the  elopile  was  then  filled  with  water,  and  weighed. 
Bj  this  method  water  was  found  to  be  938  times  heavier  than  air. 

Boyle  next  determined  the  relative  weights  of  water  and  mercury, 
and  found  the  latter  to  be  ISy^/j-  times  heavier  than  the  former.  The 
relative  weights  of  air  and  mercury  were  deduced  from  the  above  data, 
and  were  found  to  be  as  14,000  to  1.  When  in  possession  of  these 
facts,  Boyle  was  able  to  calculate  that  the  height  of  the  whole  atmo- 
sphere, if  we  suppose  it  to  possess  throughout  the  same  density  as  at 
the  surface  of  the  earth,  would  be  seven  miles ;  but,  he  writes,  know- 
ing as  we  do  how  readily  air  expands  when  pressure  is  removed  from 
it,  it  is  not  improbable  that  the  atmosphere  may  extend  to  a  height  of 
some  hundreds  of  miles. 

Experiment  37. — Boyle  frequently  observed  that  when  exhaustion 
was  commenced  the  inside  of  the  air-pump  receiver  became  opaque, 
and  that  on  the  re-admission  of  air  the  opacity  disappeared.  We  now 
know  this  phenomenon  to  be  produced  by  the  deposit  of  minute  par- 
ticles of  water,  previously  existing  in  the  state  of  vapor  in  the  air. 
The  air  in  expanding  performs  work,  and  a  certain  amount  of  mole- 
cular motion  is  converted  into  mass  motion  ;  consequently,  the  aqueous 
vapor  in  the  air  is  condensed.  When  air  is  re-admitted,  the  particles 
strike  against  the  sides  of  the  receiver,  and  the  amount  of  mass  motion 
previously  produced  is  re-converted  into  the  molecular  motion  which 
produced  it ;  consequently,  the  deposited  water  again  becomes  vapor. 

Experiment  40. — In  order  to  see  whether  the  rarity  of  the  air  in 
an  exhausted  receiver  would  prevent  insects  from  flying,  Boyle  placed 
a  bee  and  a  fly  in  the  receiver,  on  exhausting,  they  both  fell  down  "as 
in  a  swoon." 

Experiment  4:1. — A  lark  was  placed  in  the  receiver;  on  exhausting, 
it  was  seized  with  convulsions,  and  although  air  was  quickly  re-admit- 
ted, it  failed  to  revive.     The  pump  had  been  worked  ten  minutes. 

I  have  mentioned  in  the  previous  paper  that  the  descriptions  which 
Boyle  gives  of  his  experiments  are  exceedingly  prolix  ;  we  have  a 
good  example  before  us  in  this  experiment,  which  we  should,  in  the 
present  day,  describe  as  above,  but  which  Boyle,  after  telling  us  how 
he  procured  the  bird,  and  how,  when  placed  in  the  receiver,  it  did 
"divers  times  spring  up  in  it  to  a  good  height,"  describes  as  follows: 
t'  "  The  vessel  being  hastily,  but  carefully  clos'd,  the  Pump  was  dili- 
gently ply'd,  and  the  Bird  for  awhile  appear'd  lively  enough  ;  but 
upon  a  greater  exsuction  of  the  Air,  she  began  manifestly  to  droop, 
and  appear  sick,  and  very  soon  after  wais  taken  with  as  violent  and 
irregular  convulsions  as  are  wont  to  be  observ'd  in  Poultry  when  their 
heads  are  wrung  off.  For  the  Bird  threw  herself  over  and  over  two 
or  three  times,  and  dyed  with  her  Breast  upward,  her   Head  down- 

*  It  is  obvious,  as  mentioned  in  the  first  of  these  papers  (Chemical  News,  vol. 
viii.  p.  115),  that  a  bladder  of  air,  weighed  in  air,  weighs  no  more  than  the  empty 
bladder. 
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vards,  and  her  Neck  awry.  And  tliough  upon  the  appearing  of  these 
convulsions  we  turn'd  the  stopcock,  and  let  in  the  air  upon  her,  yet 
it  came  too  late  ;  whereupon,  casting  our  eyes  upon  one  of  those  ac- 
curate Dyals  that  go  with  a  Pendulum,  and  were  of  late  ingeniously 
invented  by  the  noble  and  Learned  llugenius,  we  found  that  the  whole 
Tr.'igedy  had  been  concluded  within  ti-n  minutes  of  an  hour,  [lari  of 
which  time  had  been  im[)hjy'd  in  cen)enting  the  cover  to  tlie  Keceiver." 
"\Vc  must  certainly  give  JJoyle  credit  for  being  an  accurate  observer 
and  an  experimenter  who  did  not  pass  over  the  most  minute  occur- 
rences without  mention;  but  conceive  what  a  memoir  would  be  in  the 
present  day  if  it  were  spun  out  like  the  above  account  of  one  experi- 
ment !  Why,  the  Royal  ISociety  would  have  to  publish  folios,  and  the 
J'hiloHojthirol  Magazine  would  become  a  thick  (juarto,  and  it  would 
require  half  a  lifetime  to  master  one  branch  of  science. 

After  the  success  of  the  lark  experiment,  Boyle  placed  a  sparrow 
and  a  mouse  in  the  receiver.  On  exhausting,  they  both  died.  In 
order  to  see  whether  death  was  produced  by  the  "steams"  from  the 
luiiiTS  stitlinji  the  animals  or  from  want  of  air,  a  mouse  was  encloscil 
in  a  large  receiver.  At  the  end  of  several  hours  it  was  alive  and  well, 
hut  di  'd  when  the  receiver  was  exhausted,  proving  that  want  of  air 
was  the  cause  which  had  produced  the  previous  deaths. 

iJoyle  here  enters  into  a  discussion  as  to  the  nature  of  Respiration. 
Many  of  the  philosophers  of  his  time  believed  that  the  sole  use  of 
res{)iration  was  tiie  cooling  and  tempering  the  heat  of  the  heart  and 
blood;  and  this  theory  was  not  only  admitted  by  several  of  the  ancient 
writers,  but  by  the  Cartesians  and  numberless  learned  men.  Lut, 
Boyle  answers,  fishes  and  frogs,  and  "  divers  cold  creatures,"  have 
need  of  respiration  ;  and  in  the  above-mentioned  experiments,  in  which 
animals  were  killed  in  rarefied  air,  it  did  not  appear  that  the  interior 
of  the  receiver  was  hotter  than  the  external  air. 

Some  believe<l  that  air  passes  from  the  lungs  to  the  left  ventricle 
of  the  heart,  both  to  reduce  its  heat  and  "  to  generate  spirits."  Micbius 
and  Gassendus  believed  that  the  real  use  of  the  air  in  respiration  is 
to  ventilate  the  blood  in  its  passage  through  the  lungs,  in  which  pas- 
sage impure  vapors  are  given  oil'  by  the  blooil,  and  are  removed  by 
the  air. 

According  to  Boyle,  the  use  of  air  in  respiration  may  be  explained 
by  two  methods ;  for,  first,  just  as  a  fiame  is  stilled  when  burnt  for 
some  time  in  a  close  vessel  by  the  "fuligenous  steams"  which  it  gene- 
rates, so  the  vital  fire  of  the  heart  may  recjuirc  fresh  air  to  prevent 
it  from  being  extinguished  ;  or  the  air  in  the  lungs  may  admit  into  its 
pores  the  impure  vapors  of  the  blood  and  remove  them  from  the  lungs. 
*'We  know  "  he  continues,  "  that  air  too  much  thickened  is  unfit  for 
respiration,  because  in  the  lead  mines  of  Devonshire  'damps'  some- 
times arise  which  extinguish  eandh-s,  and  suffocate  the  miners.  Also, 
cellars  in  which  a  large  (juantity  of  new  wine  is  set  to  work,  men  have 
been  suffocated  on  account  of  the  ;'reat  thickness  of  the  air." 

That  the  air  is  "thickened"  by  respiration  Boyle  proved  bj  enclos- 
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ing  a  bird  in  a  small  closed  vessel.  After  three-quarters  of  an  hour 
the  air  was  found  to  be  unfit  to  support  life;  and  we  can  quite  under- 
stand that  the  air  must  be  thickened,  he  says,  if  we  admit,  with  Sanc- 
torius,  that  the  quantity  of  matter  which  leaves  our  bodies  by  "  in- 
sensible transpiration  "  exceeds  in  weight  everything  else  which  is 
given  ofi"  from  the  body. 

Air  too  much  "  thinned  "  is  also  unfit  for  respiration,  as  was  proved 
by  the  death  of  the  animals  in  an  exhausted  receiver  ;  and  Acosta 
states  that  he  found  some  diflSculty  in  breathing  on  the  summit  of  a 
lofty  mountain  in  Peru. 

Although  Boyle  is  inclined  to  believe  that  one  of  the  uses  of  air  in 
respiration  is  to  purify  the  blood,  by  removing  vapors  which  it  throws 
ofi"  during  its  passage  through  the  lungs,  yet  he  conceives  that  it  plays 
some  other  part;  and  Paracelsus*  had  a  similar  idea,  for  he  affirms 
that  just  as  the  stomach  assimilates  a  certain  amount  of  meat  we  eat, 
and  rejects  the  remainder,  "  so  the  lungs  consume  fart  of  the  air,  and 
proscribe  the  rest." 

Cornelius  Drebbel,"}"  also  believed  that  only  a  certain  portion  of  air 
is  consumed  m  the  lungs,  and  it  was  reported  that  he  had  actually 
discovered  that  portion.  It  had  been  confidently  stated  to  Boyle  that 
Drebbel  constructed  a  vessel  for  James  I.  capable  of  carrying  twelve 
rowers  and  several  passengers  beneath  the  surface  of  water,  and  that, 
so  soon  as  it  was  apparent  that  the  air  in  the  vessel  had  become  im- 
pure from  respiration,  Drebbel  removed  the  stopper  from  a  bottle, 
filled  with  some  liquid,  which,  by  its  evaporation,  quickly  rendered 
the  air  pure,  and  suitable  for  the  purpose  of  respiration.  This  fact 
had  been  mentioned  to  Boyle  by  the  friend  of  a  man  who  had  traveled 
in  the  vessel,  by  several  relations  of  Drebbel's,  and  by  a  physician 
who  married  his  daughter. 

Experiment  43. — When  water,  wine,  or  oil  of  turpentine  were  heat- 
ed to  ebullition,  and  placed  in  the  air-pump  receiver,  the  boiling  re- 
commenced on  exhausting,  and  continued  for  some  time;  but  hot  salad 
oil  could  not  be  made  to  boil. 

With  this  experiment  Boyle  concludes  his  letter,  first  apologizing 
to  Lord  Dungarvan  for  not  relating  a  larger  number  of  experiments, 
many  of  which  he  had  thought  of  and  had  wished  to  try,  "were  it 
not,"  he  writes,  "that  my  Avocations  are  grown  so  urgent  for  ray 
remove  from  the  place  where  the  Engine  was  set  up,  that  I  am  put  to 
write  your  Lordship  this  Excuse,  Weary,  and  in  an  Inne  which  I  take 
in  my  way  to  my  Dearest  Brother  Corke." 

The  account  of  the  forty-three  experiments  detailed  by  Boyle  in 
the  treatise  we  have  been  consideirng,  extends  over  207  pages  ;  but 
this  may  well  be  imagined  from  the  extract,  given  above  from  experi- 
ment 41. 

In  this  first  of  Boyle's  Pneumatic  Treatises,  there  are  an  immense 
number  of  recorded  facts  ;  and  when  we  remember  the  great  difficulty 
of  carrying  out  the  experiments,  we  cannot  too  highly  praise  the  in- 
dustry and  perseverance  of  their  author.     It  is  difficult  for  us,  with 
*  Born  1493.    Died  lo41.  f  Born  1572.     Died  1034. 
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our  improved  pliilosopliical  apparatus,  to  conceive  the  amount  of  labor 
attendant  on  the  trial  of  experiments,  200  years  ago,  when  the  few 
instruments  which  existed  were  to  a  greater  or  less  extent  imperfect. 
In  the  present  day,  if  wc  wanted  to  make  the  last  experiment  men- 
tioned above,  we  should  place  our  vessel  of  hot  water  on  the  air-pump 
plate,  cover  it  with  a  receiver,  work  the  pump  for  a  fqg^  minutes,  and 
the  experiment  would  be  finished.  In  order  to  try  the  same  experi- 
ment Boyle  had  to  suspend  a  vessel  of  hot  water  in  the  receiver  of  hi3 
air-pump,  and  to  cement  on  the  cover  of  the  receiver,  and,  while  an 
assistant  worked  the  piston,  to  alternately  open  the  stop-cock  of  the 
receiver,  close  it,  open  the  lateral  valve,  close  it,  again  open  the  stop- 
cock, and  so  on,  till  the  exhaustion  was  as  complete  as  it  could  be;  the 
whole  apparatus  was  meanwhile  shaken  with  every  stroke  of  the  pump, 
and  leakage  of  air  at  the  rather  numerous  joints  was  perpetually 
occurring. 

(To  be  Continued.) 


For  llio.Tuurnal  cf  the  Fran'clin  Institnfe. 

On  the  Elements  of  Physical  Work^  Vis-viva^  Force,  Velocity,  Timey 
Foiver,  and  Work.  By  John  W.  Nystuom. 
The  difference  between  force,  power,  and  ivork,  appears  to  be  not 
very  generally  understood,  as  we  often  find  the  power  employed  and 
the  work  accomplished,  confounded  with  each  other,  and  that  even  by 
men  of  science,  experience,  and  high  standing;  such  as  in  the  case  of 
a  steam  hamnu-r  being  said  to  "strike  a  blow  of  so  many  tons,"  which 
is  substantially  jtaralkd  with  saying  that  a  bushel  can  be  so  many  feet 
in  length.  Profossor  Tyndall  speaks  cf  heat  as  if  it  was  only  motion, 
and  he  also  converts  heat  into  work.  If  motion  can  be  converted  into 
heat,  and  heat  into  work,  then  work  must  be  convertible  into  motion ; 
which  is  substantially  the  same  as  to  convert  gallons  into  square  feet, 
or  linear  inches. 

Although  the  physical  constitution  of  heat  is  not  yet  known,  one 
thing  appears  to  be  certain,  namely,  that  heat,  like  work,  is  a  function 
of  at  least  three  simple  elements,  of  which  velocity  (motion)  is  one. 

The  heat  question  will  be  referred  to  at  the  end  of  the  article,  in  the 
development  of  our  subject. 

In  geometry  we  have  three  fundamental  elements,  expressed  by  the 
terms,  length,  breadth,  and  thickness,  employed  to  represent  to  our 
mind  the  nature  of  those  several  properties  of  space ;  we  have  in  like 
manner  in  physics,  three  fundamental  elements,  expressed  by  the  terms 
force,  velocity,  and  time,  employed  to  convey  .to  us  the  laws  of  physical 
work. 

Quantity,  is  that  which  can  be  increased  or  diminished  by  homo- 
geneous parts. 

Element,  is  that  which  cannot  be  dissolved  into  two  or  more  different 
quantities. 

Function,  is  the  product  of  two  or  more  different  elements. 

Force,  Velocity,  and  Time,  are  elements. 

Poiver,  Space,  and  Work,  are  functions. 
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Force,  is  the  first  element  of  work,  like  length  in  geometry.  It  is 
recognised  as  pressure,  and  measured  by  weight.  Physical  forces  will 
herein  be  denoted  by  the  letter  F,  and  the  weight  of  a  mass  or  body 
by  M. 

Velocity,  is  the  second  element  of  work,  like  breadth  in  geometry. 
It  is  the  continuous  change  of  position,  recognised  as  motion,  and 
denoted  by  th^etter  v. 

Time,  is  the  third  element  of  work,  like  thickness  in  geometry.  It 
implies  a  continuous  action,  recognised  as  duration,  and  denoted  by  T. 

Power  is  a  function  of  the  two  first  elements,  force  F,  and  velocity 
V,  like  area  in  geometry  is  a  function  of  length  and  breadth.  Force 
in  motion  produces  power,  like  a  line  in  motion  produces  a  surface. 
Power  cannot  exist  without  the  two  elements  force  and  velocity,  as  a 
surface  cannot  exist  without  length  and  breadth.  Power  is  denoted 
by  p  =  rv,  measured  and  expressed  in  foot-pounds,  which  means  a 
force  of  so  many  pounds  moving  a  distance  of  so  many  feet  per  unit 
of  time.  One  unit  of  power  is  "  a  force  of  one  pound  moving  with  a 
velocity  of  one  foot  per  second."  This  unit  or  foot-pound  has  also 
been  called  eifect.  James  Watt  assumed  the  power  of  a  horse  equi- 
valent to  33,000  pounds  raised  one  foot  in  one  minute,  wliich  is  equal 
to  550  pounds  raised  one  foot  in  one  second,  or  550  effects.  The 
power  of  a  horse  is  considered  equivalent  to  that  of  eleven  men,  or 
the  power  of  one  man  equal  to  50  effects. 

Space,  is  a  function  of  the  second  and  third  element,  velocity  v,  and 
time  T,  like  a  cross-section  of  a  solid,  is  a  function  of  breadth  and 
thickness.     Space  is  here  denoted  by  s  =  vt. 

Work  (vis-viva)  is  the  product  of  the  three  elements,  force  F,  velocity 
V,  and  time  t;  and  may  be  likened  to  a  solid  in  geometry  which  has 
three  dimensions.  Work,  denoted  by  w  =  F  v  t,  is  produced  by  the 
duration  of  power  for  a  certain  time,  as  a  solid  is  produced  by  a  plane 
in  motion.  Work  is  the  product  of  power  and  time,  like  a  solid  is  the 
product  of  area  by  thickness.  Work  cannot  be  produced  without  the 
three  elements /orcre,  velocity,  and  time,  as  a  solid,  cannot  exist  with- 
out the  three  elements  length,  breadth,  and  thicJcness. 

Work,  appears  to  be  the  most  confused  function  in  physics,  and  has 
been  denominated  by  a  great  many  conventional  terms,  as  vis-viva, 
living  force,  energy,  power,  momentum,  effect,  &c.,  &c.  None  of  those 
terms  express  what  is  meant  by  the  formulas  assigned  to  them  namely, 
M  V',  which  means  the  physical  work,  concentrated  in  a  moving  mass, 
or  the  work  required  to  set  a  body  in  motion. 

When  the  formula  is  given,  we  need  not  care  what  it  is  called,  if 
we  only  know  what  it  is  ;  but  unfortunately  when  a  function  is  denomi- 
nated by  a  wrong  and  improper  term,  we  are  apt  to  misconceive  or  mis- 
apply its  meaning,  which  has  actually  been  the  case  with  the  improper 
terms  for  poiver  and  ivork. 

The  latin  word  Vis  (force)  and  Viva  (living)  means  "  liying  force," 
which  in  fact  ia poiver,  and  expressed  by  fv;  but  when  we  exercise 
this  living  force  for  a  certain  duration  of  time,  it  becomes  a  different 
function,  namely  M  Y^,  which  is  living  poiver  or  physical  work,  and 
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not  merely  living;  force.  It  may  now  be  remarked  tliat,  "  a  livin;^ 
force  cannot  exist  without  some  duration  of  time,  because  a  living  force 
is  a  force  in  motion,  and  motion  requires  time." 

A  steam  en^^ine  of  100  horse  power,  running  one  day,  will  produce 
a  certain  amount  of  work  ;  let  the  same  engine  run  for  only  half  a-day 
•when  it  will  produce  only  half  the  work  of  a  whole  day,  but  the  power 
was  still  100  horses.  Let  it  run  for  only  an  hour,  a  minute,  a  second, 
or  for  an  infinitely  short  period  of  time,  the  engine  is  still  100  horses 
but  did  no  work.  For  that  infinite  small  space  of  time,  the  living  force 
•was  there  and  produced  the  full  power  F  v  =  100  horses  but  did  no 
work  M  V-.  In  illustration  of  this,  let  a  solid  cube  of  paper  represent 
the  work  M  v'- ;  then  the  base  of  the  cube,  or  the  bottom  sheet,  which 
we  will  consiiler  to  have  no  thickness,  Avill  represent  the  power  Y  v. 
Take  away  the  sheets  one  by  one  from  the  top  of  the  cube — which  is 
to  reduce  the  time  or  thickness — until  only  the  bottom  sheet  is  left ; 
then  there  is  no  more  solidity  of  the  cube,  and  no  more  work  M  v-  left, 
but  the  power  or  living  force  r  v,  represented  by  the  base  of  the  cube 
is  undi.sturbed. 

There  are  two  reasons  why  the  true  meaning  of  physical  work  lias 
hitherto  been  so  obscured,  namely,  //r«^,  that  the  primitive  formula  for 
work  F  V  T  or  m  v  t,  has  been  concealed  by  the  formulas  for  the  law  of 
gravity,  by  which  the  timcT  has  been  transformed  into  velocity  V,  and 
the  work  represented  by  M  v  v  or  iM  v-.  Sometimes  the  space  s  has 
been  inserted  for  vt,  when  the  work  has  been  called  foot-pounds  F  s.  AVe 
have  now  in  scientific  works  two  kinds  of  foot-pounds,  without  proper 
explanation  of  their  difference.  The  foot-pounds  of  power,  means  so 
many  pounds  raised  so  many  feet  per  unit  of  time;  while  the  foot-pounds 
of  work,  means  so  many  pounds  raised  through  a  space  S,  independent 
of  time  because  the  time  is  included  in  the  space  s  =  VT. 

The  second  reason  why  it  has  been  obscured,  is  that  we  have  no 
established  unit  by  which  to  measure  physical  work.  We  speak  about 
vis-viva,  the  same  as  we  would  speak  about  length  without  reference 
to  miles,  feet,  or  inches,  but  merely  conceive  it  to  be,  long,  longer,  and 
longest;  short,  shorter,  and  shortest. 

It  is  therefore  found  necessary  in  the  development  of  the  subject, 
to  establish  a  unit  for  work,  and  assign  to  it  a  name. 

Let  us  assume  the  work  accomplished  by  one  horse  power  in  a  time 
of  one  hour,  to  be  the  unit  for  physical  work  ;  which  will  be  the  same 
as  that  of  eleven  men  working  one  hour,  or  that  of  one  man  working 
one  day  of  eleven  hours.  In  order  to  clearly  distinguish  this  unit 
from  that  of  power,  let  it  be  called  a  'mvoukmanday,"  which  means  a 
man's  day's  work.  Let  us  further  designate  the  quantity  of  physical 
work,  or  number  of  workmandays  with  the  letter  w.  A  workmanday 
expressed  by  force  and  space,  without  regard  to  time  or  velocity,  will 
then  be  550  x  8000  ll'SOOOO  foot-pounds,  or  250-4-7068  units  of  heat. 
At  least  we  will  adopt  this  unit,  name,  and  signature,  until  better  shall 
be  established  by  higher  authority.  We  can  now  understandingly 
proceed  to  develope  the  physical  laws  of  the  elements  of  work. 

All  kinds  of  work  can  be  estimated  in  •workmaudays,  such  as  build- 
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ing  a  house,  steamboat,  or  bridge,  digging  a  canal,  ploughing  the 
ground,  throwing  a  bomb  or  projectile,  fighting  a  battle,  steam-boiler 
explosion,  &c.,  &c. 

MomentiLtn  is  the  product  of  two  or  more  elements. 
Static  momentum  is  a  function  of  force  and  lever,  or  force  multiplied 
by  the  length  of  the  lever  it  acts  upon. 

Dynamic  momentum  is  power,  or  the  force  multiplied  by  its  velocity. 
diomentum  of  poiver  is  physical  work,  or  power  multiplied  by  time. 
dfomentum  of  physical  work  is  the  cost  in  money,  or  the  work 
multiplied  by  its  price. 

Momentum  of  work  of  art  is  the  product  of  physical  work  and  the 
skill  of  the  artist. 

Momentum  of  tvork  of  science  is  the  product  of  physical  work  by 
primitive  knowledge. 

Notation  of  Letters. 
s  =  space  in  feet,  passed  through  by  the  force  F  in  the  time  T. 
r  =  force  or  pressure,  expressed  in  pounds  avoirdupois. 
v=velocity  or  motion,  expressed  in  feet  per  second. 
T  =  time  of  operation  in  seconds. 

p  =  power  in  foot-pounds,  of  one  pound  raised  one  foot  per  second. 
H=  horse  power  of  550  pounds  raised  one  foot  per  second. 
w=  physical  work,  expressed  in  workmandays,  of  1980000  foot- 
pounds, or  2564-7668  units  of  heat. 
M=  weight  in  pounds,  of  a  moving  mass,  or  the  weight  of  a  mass 

acted  upon  by  mechanical  force. 
^  =  acceleratrix  of  gravity,  being  32*166  feet  per  second,  the  velo- 
city which  a  falling  body  attains  at  the  end  of  its  first  second. 
G  =  acceleratrix  of  the  combined  gravity  and  mechanical  force. 
V  =  angle  with  the  horizon  of  the  direction  of  the  moving  force  and 
mass,  as  on  an  inclined  plane.     When  the  direction  rises 
above  the  horizon,  use  the  top  sign,  and  when  it  deeps  under 
use  the  lower  sign. 
L  — number  of  laborers  employed  (not  workmandays). 
D  =  number  of  days  of  11  working  hours. 
N==  number  of  horses  (not  horse  power). 
?i=  number  of  blows  of  a  steam  hammer,  or  pile-driver. 
J  r=  friction  and  other  incidental  elements  opposing  the  force  F,  or 

moving  mass  M,  in  pounds. 
Co-efficients  550x3600  =  1980000. 

"         32466X550X3600  =  63688680. 
I  beg  to  remark  here,  that  with  a  binary  arithmetic  and  metrology, 
the  co-efficients  550  and  3600  would  disappear  in  the  formulas,  and 
28  of  the  following  formulas  would  also  be  dispensed  with,  say  nothing 
of  the  labor  and  confusion  it  would  save. 
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The  first  formula  gives  the  theoretical  value,  vrhile  the  last  ones 
containing /includes  friction  and  other  incidental  circumstances. 

Formulas  for  Mechanical  Work. 

Space  in  feet  passed  through  in  the  time  T. 

i>T  AoOrn  550X3C00W 

S  =  VT.  S  — -   .  S  = . 

F  F 

Force  or  pressure  in  pounds. 

p                     .^»60iiT              r)50x3600w 
F=-.  F= .       F= . 

V  VS  VT 

Velocity  in  feet  per  seconds. 

s                       p                     5.50n 
v=-.  v  =  — .  v  = . 

T  F  F 

Time  of  duration  in  seconds. 

S  SF  SF 

V  p  550h 
Power  in  foot-pounds. 

p  =  FV.  p  =  — .  p  =  550h. 

T  T 

Horse  power. 

—    L             —  ZL               —  Jl-  _3GO0w 
""650*        "~550'           "~550t*  °          ^r~- 
Work,  in  workmandays. 
FVT                   FS                     PT                     IIT 

^^""650X3000*     ^~5r,OX3GOO*     ^~r>50-  3(300*     ^~  3(300* 
Kumbcr  of  laborers  (not  workmandujsj. 
w  ^^  FV  PS 


o  — 

F 

V  ~ 

r>50x3600w 

s 

V  — 

5o0x3G00w 

rr 

T  = 

5o0x3C00w 

FV 

?  = 

550 X 3000 w 

i>  ■  60  5oOX3600d* 

Number  of  Horses  (not  horse  power). 

_   L  __   y\'  ^_  FV  FS 

^~il*  ^~"11d'  ^~55o'  ^'"IIxBOxWOOd 

Number  of  days  of  11  hours  each. 

_w  w  ;"»0\v  FS 

^~l'  ^~1Tn'  ^~~fv'  "^"550x36001' 

Work,  in  workmandays. 

FVD  F'vs 

W=DL.  W=HDN.  w=-^r— .  W=.,,    ....-r-  ..-^Tw^ 

i)0  50XOo0x3t)00L 

Examples  for  Mechanical  Work. 

Example  1.  A  steam  engine  of  ii  -145  horses  is  to  hoist  a  weight 
of  F=  34308  pounds.  Kc(iuired  how  high6  =  ?  will  the  weight  bo 
lifted  in  T  =  25  seconds. 

28  • 
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3d.  formula  for  space. 

5-50  TH       550  X25  X  145       ^^  »    ^  ^, 

s  = ■= o^o/.o =  58  feet  the  answer. 

F  34368 

Example  2.  How  much  coal  f  =  ?  can  a  steam  engine  of  h  =  36 

horses  hoist  up  from  a  mine  of  s  =  256  feet  deep,  in  ten  hours  or  t  = 

36000  seconds. 

2d.  formula  for  force. 

550  HT       550X36X36000       otqiot^c  a 

P  = = ^^^7^ =  27843T5  pounds, 

or  1243  tons. 

Example  3.  A  force  of  f  =  378  Bbs.  moving  uniformly  through  a 
space  of  s  =  3675  feet  in  t  =  490  seconds.  Required  how  much  pow- 
er p  it  will  exert. 

2d.  formula  for  power. 

Fs      378  X  3675      _„_  .    ^  , 

p  =  —  = jQ^r =  2635  foot-pounds. 

That  is,  2635  Bbs.  will  be  moved  1  foot  per  second. 

Example  4.  The  pressure  on  a  steam  piston  is  to  be  F  =  31350 

pounds.     Required  how  fast  it  must  move  to  generate  a  power  of  ii 

=  456  horses. 

3d.  formula  for  velocity. 

550  H    *  550  X  456      ^  .    ^  , 

V  = = — o^cyrn —  =  8  feet  per  second. 

F  31350  ^ 

Example  5.  What  horse  power  h  =  ?  is  required  to  accomplish 
the  same  amount  of  work  in  t=  43860  seconds,  that  w  =  132  work- 
men could  accomplish  in  one  day? 

4th.  formula  for  horse  power. 

3600  w       3600X132      .^ooi, 

H  = =: — TTToFTi —  =  10-82  horse  power. 

T  4oooU 

How  much  work  w  =  ?  is  accomplished  by  a  steam  engine  of  H  = 
164  horses,  working  T^  3496  seconds? 

5th.  formula  for  work. 

HT         164X3496       --o^^        ,         , 

w=:K7rA7;  =  — :v7t?w^ =  159'36  workmandays. 

3600  3600  •' 

or  it  would  require  159*36  workmen  for  a  whole  day  to  do  the  same 
amount  of  work. 

Example  6.     The  pressure  on  a  steam  piston  is  f^2864  pounds, 
moving  with  a  velocity  of  V  =  6  feet  per  second  during  10  hours,  or 
^  =  36000  seconds.    Required  how  much  work  will  be  accomplished  ? 
1st.  formula  for  work. 

FVT  2864X6X36000     ^^^^  aa        ^        a 

^=mxmO=      550X3600      =^^^'^^  workmandays. 
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Example  7.     How  many  workmandays  w  =  ?  are  required  to  hoist 
up  F  =  843G40  lbs.  of  iron  to  a  height  of  s  =  45  feet  'r 
2d.  formula  for  work. 

843640X45 


w= 


FS 


550X3600      550X3600 


=  1917*3  workmandays. 


Example  8.    What  time  is  required  for  an  engine  of  u  =  96  horse 
power,  to  raise  a  weight  r  =  495000  lbs.  to  a  height  of  s  =  48  feet  V 
3d.  formula  for  time. 

SF        48X495000      ..^  , 

'l=z—-—  =         -— _--  =  450  seconds. 
550II         550X96 


Formulas  for  Work  under  the  action  of  Gravity. 
Space  passed  through  in  the  time  T. 


gji  VT 

'J,        2 


S  =  ; 


PT 


4X550»ii- 


s=- 


joxseoow 


M 


2m         "         2^M» 
A  mass  in  motion,  or  falling  vertically. 
2X550X3600W  550x3300w  2x550ii        550x3600w(7 

M=^ .    M= .  M  = -rr-T-. — .  M= "^ 

gT  8  V2gs  V 


Y=^T= 


Velocity  at  the  end  of  the  time  T  in  feet  per  seconds. 

2s  2X55011  ,r. —    ^_    /5T30x3600(/w 

T  M  ^  ^  U 

Time  of  duration  in  seconds. 

2X550H        ^^  |27^  ^^    /550X3600X2W 


T= 


P= 


H= 


MT^ 


MV 


W= 


Power  in  foot-pounds. 
m2s 

T 

Horse  power. 

2X250  2X2.:)0 

Work,  in  workmandays. 

^550X3600 
Number  of  laborers  (not  workmandays), 


_MT^  _ 
2X550* 


^M 

P=550x3000w 

3600vr 


'JS 


H= 


MV' 


MS  r  ^  

^~5'50x3600'       ^'"^550X3600  ^^ 


Working  days  of  11  hours  each, 
Number  of  horses,  (not  horse  power), 
Work  in  workmandays. 


2S 

"3600 
MSn 

5~50x3600d- 

MSn 
550x36001  • 

MSn 

^°11\550X3600d 

_      Msn 
^^~  55^X3600  • 


L= 


D  = 
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Examples  for  Work  under  the  action  of  G-ravity. 

Example  9.  A  steam-hammer  weighing  m  =  13450  Sbs  falls  from 
a  height  of  s=  7  feet.  Required  how  much  work  the  hammer  can 
do  in  each  blow  ? 

2d.  formula  for  work. 

MS  13450X7       ^^17;;^        ^         a 

^=550X3600  =  550X3600^  ^'^^^^^  workmandays, 

and  0-04755X11  =  0-523  hour. 

That  is,  one  man  working  0-523  of  an  hour  can  accomplish  the  same 
•work  as  that  of  each  blow  of  the  steam-hammer.  The  horse  power 
of  the  hammer  in  its  fall  is  found  by  the  second  formula,  but  this  is 
not  the  horse  power  acting  on  the  mass  of  iron  to  be  forged  on  the 
anvil.  If  we  know  the  time  from  when  the  hammer  first  touched  the 
iron  until  it  stops,  then  the  horse  power  could  be  found  by  the  fourth 
formula.  The  cooler  the  iron  is,  and  the  more  resistance  presented 
to  the  blow,  the  greater  will  the  horse  power  be ;  but  the  correct  mea- 
sure of  the  capacity  of  a  hammer  is  the  workmandays,  or  its  weight 
multiplied  by  the  height  of  its  fall. 

Example  10.    A  steam-hammer  of  m  =  10000  ibs  falling  a  height 
of  s  rr  4  feet.    Required  the  average  horse  power  acting  in  the  fall  ? 
2d.  formula  for  horse  power. 

W  ^-^^  10000 Xs/25<'^2a6^,  , 

^-2X550  -  2X550  — ^^^  ^°'''^^* 

Example  11.  From  what  height  s  =:  ?  must  a  mass  M  =  31800  ft)3 
fall  to  accumulate  a  work  of  w  =  3-6  workmandays. 
4th.  formula  for  space. 

_  550  X  3600  w_550x3600><3;6_ 
^  S  31800  -  ^^^'-^^  *^®^- 

Example  12.  How  much  work  is  accumulated  in  a  mass  of  M  = 
26800  ibs  and  with  a  velocity  of  V  =  60  feet  per  second  ? 
1st.  formula  for  work. 

MV^  26800  X  60^  ^  -^  _        ,         , 

^-^550x3600=32-166X550x3600  ^^'^^^  workmandays. 

or  it  would  require  one  man  to  work  1-515  x  11  =16-66  hours,  to 
■wind  up  the  mass  m  so  high  that  it  would  in  its  fall  attain  the  velocity  v. 

Example  13.  Required  how  high  s  =  ?  the  mass  M  in  the  preced- 
ing example,   must  be  raised,  in  order  to  attain  a  velocity  of  v  =  60 
feet  per  second  in  its  fall  ? 
3d.  formula  for  space. 

v^  60  =* 

S  =,-T—  =-n — o^r^rrrr- =55-96  feet  the  answer. 
Z  g       2  X  32-lbo 

Example  14.     What  mass  m= ?  can  be  raised  up  s= 68  feet  by  w= 
16  workmandays. 
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2J.  formula  for  mass. 

.550X3600W     .':;o0x3600Xl6      ,-.-^. 
M= = ^.- =  40^882  pounds. 

ExAMi'LE  15.     How  mucli  work  is  required  to  rai.so  m ■■3137800 
pounds,  to  a  height  of  .s  =  bO  feet. 
2(1.  formula  for  work. 

MS  3137800X80     ..._.        ,         , 

''=  56()X3W0—  '550X3600'=  ^"'^^^  workmandays. 

Example  10.     How  many  laborers  are  required  to  do  the  work 

•\v=12-G7S,  in  D=3  days. 

12-G78      ,  o^.  ,  , 
,L  =  --.,-  =  4-22<.  laborers. 

Example  17.  How  many  hiborcrs  L—  ?  arc  required  to  strike 
n=  1000  blows  in  D  =  i  or  half-a-day  with  a  pile-driver?  the  ram 
■weighing  M  =2000  lbs.  and  lifted  s  =  l-;j  feet  in  each  blow. 

Msn 2000X1-5X1000_„ 

^~"550x3C00X0-5      5o0x  3G00x  0-;3~"     ^^^' 

Example  18.  How  many  days  are  required  for  N  =  2  horses  to 
draw  up  from  a  mine  M  =181)48000  lbs.  of  coal?  the  depth  of  the 
mine  is  s  =250  feet. 

MS 18048000  X  250  _  .-  onr  i 

^  ""550  X  3000  X  1  lN~  550  x^3000  x  112""  ^  *  ''^  '^''^^■ 

To  he  continued  on  physical  work  by  the  combined  action  of  the  force 
of  gravity  and  mechanical  force  ;  also  on  physical  work  generated  by 
the  action  of  heat. 


Proceedings  of  the  Association  for  the  Prevention  of  Steam  Boiler 
ilx plosions,  Manchetster. 

From  tlio  Uinil'Hi  Moclinnica'  Macasino,  April,  1HC4. 

[Ki'purt  of  Cliiff  Kiigineor,  *April  liii,  1S»J4.] 
During  the  last  month  199  engines  have  been  examined,  and  313 
boilers,  <S  of  the  latter  being  examined  specially,  and  1  of  them  tested 
with  liydiauiic  pressure.  Of  the  boiler  examinations,  253  have  been 
external,  9  internal,  and  51  thorough.  In  the  boilers  examined,  140 
defects  have  been  discovered,  7  of  them  being  dangerous.  Of  some 
of  these  defects,  a  few  further  particulars  may  be  given,  not  that  there 
is  anything  very  novel  about  them,  but  because  it  is  just  those  prac- 
tical defects  that  iire  of  comm<»n  occurrence  which  it  is  important — 
anil  the  more  so  on  account  of  their  very  frequency — to  note  and  avoid. 
It  is  thought,  therefore,  that  a  statemmt  of  the  defects  constantly 
met  with  in  the  boilers  inspected  will  be  of  service,  not  to  the  steam 
user  only,  but  also  to  the  boiler  setter  and  maker.  Four  dangerous 
cases  of  fracture  all  occurred  at  the  seams  of  rivets  at  the  bottom  of 
*Error  pngo  U4G — for  '•  May  2,"  read  "  April  0." 
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externally  fired  boilers,  as  well  as  six  others, -which  were  serious  though 
not  actually  dangerous.  In  three  of  these  cases  the  injury  manifest- 
ed itself  in  leakage,  and  in  cracks  at  the  rivet  holes,  some  of  them  ex- 
tending for  as  much  as  12  inches  into  the  plate.  In  the  fourth  in- 
stance, one  of  the  plates  over  the  fire  rent  completely  through  from  one 
end  to  the  other,  at  a  transverse  line  of  rivet  holes,  the  rent  gaping 
open  about  f  of  an  inch.  In  this  instance  the  boiler  was  nearly  new, 
having  only  been  laid  down  about  six  months,  and  had  not  been  se- 
verely pressed  during  that  time,  while  the  character  of  the  workman- 
ship was  good.  The  feed  water,  however,  was  introduced  at  the  fur- 
nace end  of  the  boiler,  and  too  near  to  the  plates  over  the  fire,  while 
it  was  of  a  sedimentary  character ;  and  though  it  did  not  form  a  tena- 
cious scale,  deposited  a  good  deal  of  powder,  which  was  so  fine  as  to 
be  almost  impalpable ;  in  addition  to  which,  the  boiler  was  not  fitted 
with  any  blow-out  apparatus.  It  is  to  these  causes  that  the  failure 
is  attributed,  although  it  should  be  added  that  the  feed  was  heated 
before  its  introduction  to  the  boiler  by  the  exhaust  steam  from  the 
engine.  From  the  fact  of  the  boiler  being  new,  the  workmanship 
good,  the  service  was  not  very  severe,  and  the  feed  water  heated,  it 
might  have  been  supposed  that,  if  any  externally-fired  boiler  could 
escape  fracture,  this  one  would  have  done  so,  and  its  failure  affords 
another  illustration  of  the  necessity,  so  frequently  pointed  out  in 
previous  reports,  of  introducing  the  feed  to  these  externally-fired 
boilers,  by  means  of  a  horizontal  perforated  pipe  at  a  distance  from 
the  furnace,  and  also  of  adopting  an  efficient  blow-out  apparatus  for 
the  prevention  of  deposit.  There  is  little  question  that  these  precau- 
tions would  have  prevented  the  injury  in  the  present  instance.  A 
boiler  lately  put  under  the  charge  of  the  Association  was  found  on  the 
first  "Thorough  "  examination  to  be  so  eaten  away  at  the  bottom  over 
the  mid-feather  wall,  on  which  it  was  set  that  a  considerable  portion  of 
the  plates  were  reduced  to  half  of  their  original  thickness  ;  fortunately 
the  diameter  of  the  boiler  was  small,  so  that  there  was  a  considerable 
margin  of  strength.  It  is,  however,  another  of  those  constantly  re- 
curring instances  of  the  danger  of  setting  boilers  on  mid-feathers. 

One  instance  of  dangerous  grooving  occurred  to  a  multitubular 
boiler,  and  at  the  transverse  seams  at  the  bottom,  the  plates  being  so 
seriously  reduced  in  thickness  that  the  inspector  made  two  or  three 
holes  through  them  at  the  time  of  his  examination.  It  should  be  stated 
that  this  boiler  had  external  brick  flues,  which  had  been  supplemented 
since  it  was  originally  laid  down.  Instances  of  external  grooving 
similar  to  the  above  are  of  very  frequent  occurrenee  in  multitubular 
boilers,  owing  to  the  straining  of  the  seams  of  rivets  at  the  bottom,  which 
is  induced  by  the  various  temperatures  of  different  parts  in  consequence 
of  the  imperfect  circulation  of  the  water ;  while  it  may  be  added  that 
three  other  cases  have  been  met  with  during  the  past  month  which, 
though  not  at  present  actually  dangerous  were  still  serious,  and  the 
corrosion  steadily  progressing. 

Two  Butterley  boilers,  put  under  the  charge  of  the  Association 
during  the  last  month,  were  found  to  have  been  worked  with  steam 


Prevention  of  Steam  Boiler  Explosions.  335 

at  as  high  a  pressure  as  40  Djs,  altliough  they  were  8  feet  in  diame- 
ter, made  of  plates  three-eighths  of  an  inch,  in  thickness,  and  lo  years 
oKl. 

One  case  of  deficiency  of  water  occurred  during  the  night  time  to 
an  intfrnully-firod  hoilcr,  which  was  one  of  a  series  connected  togetlier, 
and  under  the  charge  of  the  watchman,  who  though  firing-up  to  raise 
steam  so  as  to  be  re:idy  for  starting  by  six  o'chjck,  appears  to  have 
been  perfectly  oblivious  to  the  fact  of  their  being  no  water  in  the  gauge 
glass.  The  two  fusible  plugs,  however,  with  which  the  boiler  was 
fitted,  both  acted,  and  thus  savi'il  the  furnace  crowns  from  iniury. 
The  water  had  been  lost  in  the  following  way  : — All  the  steam  junc- 
tion valves  were  screwed  down,  and  the  pressure  of  steam  in  ihe 
boiler  in  question  happened  to  be  higher  than  that  in  the  adjoining 
one,  and  thus  the  water  had  been  driven  from  one  into  the  other. 
This  would  not  have  been  possible,  even  in  spite  of  the  inequality  of 
steam  pressure,  had  the  feed  back  pressure  valves  been  rightly  con- 
structed. But  the  valve  and  the  spimlle  were  not  detached,  but 
linked  together  by  a  collar  at  the  end  of  the  latter,  so  that  although 
the  valve  was  self-acting  within  a  certain  range,  one  turn  of  the  screw 
beyond  that  point  lield  it  off  from  the  face,  ami  rendered  it  no  longer 
a  self-acting  feedback-pressure  valve;  and  hence  the  loss  of  water 
just  referred  to.  The  danger  of  sueh  a  mode  of  construction  will  at 
once  be  seen,  and  the  importance  of  having  the  valve  and  spindle  f/</i>e/^ 
dintinct  one  from  the  other,  and  not  linked  toi/ether  in  any  way.  It  is 
recommended  that  all  those  members  whose  valves  are  of  similar  con- 
struction to  the  one  which  permitted  the  loss  of  water  referred  to  above, 
should  have  them  reme<lied  at  once. 

An  explosion  took  place  on  the  '1\  of  February  last,  of  which  the 
particulars  could  not  be  obtained  at  the  time.  The  engineer  has  been 
supplied  with  a  copy  of  the  report  drawn  up  by  the  two  engineers  ap- 
jiointed  to  examine  the  boiler  and  to  investigate  the  cause  of  the  ex- 
jdosion,  the  report  being  accompanied  with  a  drawing  showing  the 
e(»nstruction  of  the  boiler,  as  well  as  the  position  and  character  of  the 
rents.  From  these  sources  of  information  the  following  particulars 
Lave  been  taken  : — It  appears  that  the  boiler  was  of  Cornish  construc- 
tion, and  internally-fired,  having  one  furnace  tube,  which  was  of  oval 
shape.  The  shell  was  l'»j  ft.  in  length,  and  G  ft.  in  diameter,  while 
the  oval  flue  was  3  ft.  10  ins.  width,  and  3  ft.  4  ins.  in  height.  The 
oval  shape  of  this  tlue  necessarily  made  it  very  weak,  more  especially 
so,  since  the  major  axis  was  horizontal,  and  the  crown  consequently  flat. 
Were  internal  furnace-tubes  subjected  to  statical  pressure  onlv,  it 
would  be  immaterial  whether  the  major  axis  in  those  of  oval  shape 
were  horizontal  or  vertical,  but  in  oonsei|uence  of  the  columnar  action 
which  is  iniluced  by  the  expansion  of  tlie  plates  by  the  action  of  the 
fire,  and  which  especially  atfects  the  upper  part  of  the  tubes,  the  con- 
ditions become  altogether  altered,  and  those  tubes  that  have  flattened 
crowns  are  particularly  liable  to  collapse.  On  account  of  its  oval  shape 
this  tube  had  been  .^tayeil  with  cast  iron  flanged  pipes  placed  within 
it,  which  acted  as  pillars  or  struts  in  resisting  the  external  pressure. 
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These  pipes  were  spaced  at  irregular  distances,  set  vertically  and  fix- 
ed from  the  inside  of  the  tube.  The  boiler  is  reported  to  have  been 
fitted  with  a  Bourdon  steam-pressure  gauge,  also  suitable  water  gauges 
and  an  adequate  safety-valve,  loaded  to  22  lbs  on  the  square  inch. 
The  flue  collapsed  at  about  the  middle  of  its  length,  and  rent  at  the 
crown  through  one  of  the  transverse  seams  of  rivets,  the  plates  being 
forced  down  till  they  touched  the  bottom  of  the  flue;  while,  in  addi- 
tion, the  upper  half  of  the  furnace  mouth  angle  iron  had  rent  from 
the  front  plate.  Also  two  of  the  cast  iron  pillars  had  been  dislodged, 
one  of  them  being  found  after  the  explosion  lying  within  the  flue  near 
the  rupture,  and  the  other  a  few  yards  in  front  of  the  boiler,  a  piece 
being  burnt  oif  the  end  of  it,  while  the  pillar  was  evidently  too  short 
for  the  purpose  for  which  it  had  been  intended.  The  preceding  state- 
ment of  facts  will  leave  no  room  to  doubt,  that  the  cause  of  the  explo- 
sion was  simply  the  insufiiciency  of  the  boiler,  especially  when  it  is 
added  that  old  cracks  about  5  feet  long,  were  found  running  along 
the  sides  of  the  flue,  and  which  had  been  patched  with  plates  barely 
one-quarter  of  an  inch  in  thickness.  The  boiler  was  evidently  mal- 
constructed  in  the  first  place,  and  its  condition  neglected  in  the 
second,  and  hence  the  explosion,  which  competent  inspection  could 
not  have  failed  to  prevent.  For  the  past  month  one  explosion  is  re- 
ported, by  which  one  man  was  killed  and  three  others  injured.  It 
occurred  at  a  considerable  distance  from  Manchester,  and  consequent- 
ly has  not  been  personally  investigated.  The  boiler  in  question, 
which  was  of  marine  construction,  was  not  under  the  inspection  of  the 
Association. 

[Report  of  the  Chief  Engineer,  May  31,  1864.] 
During  the  last  month  226  engines  have  been  examined,  and  402 
"boilers,  16  of  the  latter  being  examined  specially,  and  1  of  them  test- 
ed with  hydraulic  pressure.  Of  the  boiler  examinations,  287  have 
been  external,  18  internal,  and  97  thorough.  The  following  defects 
have  been  found  in  the  boilers  examined: — Furnaces  out  of  shape,  2 
(1  dangerous) ;  fracture,  8  (2  dangerous) ;  blistered  plates,  2  ;  inter- 
nal corrosion,  11 ;  external  corrosion,  9  (3  dangerous) ;  internal  groov- 
ing, 8 ;  external  grooving,  4 ;  feed  apparatus  out  of  order,  1  ;  water 
gauges  ditto,  9  (1  dangerous) ;  blow-out  apparatus  ditto,  9 ;  fusible 
plugs  ditto,  2  ;  safety-valves  ditto,  1  ;  pressure  gauges  ditto,  11 ;  de- 
ficiency of  water,  1 ;  total,  78  (7  dangerous).  Boilers  Avithout  glass 
water  gauges,  5  ;  without  pressure  gauges,  2  ;  without  blow-out  appa- 
ratus, 22 ;  without  back  pressure  valves,  22. 

Six  explosions  occurred  during  the  past  month,  by  which  11  per- 
sons have  been  killed,  and  13  others  injured.  None  of  the  boilers 
were  under  the  inspection  of  this  Association,  while  all  of  them,  with 
one  exception,  have  been  personally  examined  since  the  explosion. 
One  of  these,  by  which  one  person  was  killed  and  two  others  injured, 
occurred  to  the  boiler  of  a  locomotive  engine,  while  standing  at  a 
short  distance  from  a  railway  station.  The  locomotive,  which  was  em- 
ployed on  goods  traflfic,  and  had  six  wheels  coupled,  was  of  the  ordi- 
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nary  construction,  and  about  10  years  oM,  having  been  re-tube<l  two 
years  since.  The  cylindrical  portion  of  the  boiler,  as  well  as  tho 
crown  of  the  outer  fire-box  shell,  was  rent  into  a  number  of  pieces  ; 
and  but  little  of  the  portion  of  the  boiler  shell  between  the  fire-box 
and  the  sraoke-box  left  ;  while  many  of  the  tubes  were  fractured,  and 
the  remainder  bowed  outwards.  The  fra;rmfnts  were  scattered  in 
every  direction,  and  some  of  them  blown  to  a  great  <listance,  one  of 
tiio  spring  balances  belonging  to  the  safety-valves  falling  through  tho 
roof  of  a  cottage,  and  seriously  injuring  one  of  the  inmates.  The 
cause  of  the  cx()losion  was  attributed  at  the  inquest  by  three  succes- 
sive witnesses,  all  of  whom  were  practical  boiler-makers,  to  shortness 
of  water  and  consequent  overheating  of  the  plates.  This,  it  was 
thought  had  produced  a  gas  inside  the  boiler,  which,  tipon  ignition 
from  the  hot  tubes  caused  the  explosion.  For  this,  it  was  a<lded,  tho 
driver,  who  had  been  killed  by  the  explosion,  was  responsible,  in  hav- 
ing allowed  shortness  of  water  to  occur.  The  jury  brought  in  a  ver- 
dict of  accidental  death,  adding,  that  they  could  not  clearly  ascertain 
the  reason  of  the  explosion.  A  personal  examination  of  tlic  exploded 
boiler  led  to  a  very  difi'erent  conclusion  from  that  given  in  the  pre- 
ceding evidence.  The  crown  of  the  inner  fire-box,  as  well  as  its  sides, 
was  found  uninjured,  and  the  roofing  stays  in  perfect  condition  ;  while 
the  rente,  instead  of  being  in  the  fire-box,  which  would  have  been  the 
case  had  the  plates  been  overheated,  were  confined  to  the  external 
shell,  as  already  described  ;  so  that  it  is  clear  that  the  explosion  was 
not  due  to  shortness  of  water.  On  further  examination,  it  was  found 
that  tiie  character  of  the  water  was  somewhat  corrosive,  and  the 
surfaces  of  some  of  the  plates  had  been  eaten  into  indentations  by 
it;  while  close  to  the  overlap  at  a  longitudinal  seam  of  rivets,  at  tho 
left  hand  side  of  the  cylindrical  portion  of  the  boiler,  and  in  the  ring 
of  plates  nearest  to  the  smoke-box,  a  deep  furrow  was  found  to  havo 
been  eaten,  which  ran  longitudinally  more  than  half-way  across  tho 
width  of  the  ])late.  At  this  furrow,  whirh  was  about  the  water-line, 
the  plate  had  rent,  and  there  can  be  but  little  question  that  this  rent 
was  the  primary  one  from  which  the  other  developed,  and  to  which 
the  explosion  had  been  due  ;  so  that  the  supposition  of  shortness  of 
water,  as  well  as  that  of  the  formation  of  explosive  gases,  and  the  ne- 
glect of  the  engine  driver,  may  be  dismissed,  and  the  expln.-ion  attri- 
buted simply  to  weakening  of  the  plates  through  the  furrowing  action, 
which  is  found  to  be  more  or  less  developed  in  nearly  all  boilers,  but 
more  especially  in  locomotives. 

The  next,  like  the  preceding  one,  occurred  to  the  boiler  of  a  loco- 
motive engine,  while  standing  very  near  to  the  station.  The  locomo- 
tive was  employed  on  passenger  traflic,  was  of  the  ordinary  construc- 
tion, and  about  ton  years  old.  The  shell  rent  at  the  base  of  the  steam 
dome,  which  was  shot  upwards,  and  thrown  to  a  considerable  distance. 
From  tb.is  opening  a  nundier  of  rents  radiated,  and  the  upper  part  of 
the  cylindrical  portion  of  the  shell  was  rent  into  several )  -  "ich, 
however,  did  not  lly  to  any  great  distance,  and  but  litt.  l'  re- 

sulted from  the  explosion  altogether.     The  consideration  of  the  di- 
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rections  in  wlilch  the  fragments  had  flown,  as  well  as  an  examination 
of  the  parts  themselves,  left  little  room  to  question  that  the  primary 
rent  had  occurred  at  the  base  of  the  steam  dome,  where  the  ring  of 
angle  iron,  with  wliich  it  was  attached  to  the  shell,  was  found  to  be 
severed  for  a  considerable  distance  through  the  line  of  rivet-holes. 
This  explosion  is  considered,  therefore,  to  have  been  due  to  the  exist- 
ence of  the  steam  dome,  and  that,  had  it  not  been  for  this,  the  explo- 
sion would  not  have  occurred.  The  danger  of  these  steam  domes  has 
been  frequently  pointed  out  to  the  members  of  the  Association  ;  and 
this  explosion,  which  is  by  no  means  singular,  affords  an  additional 
illustration  of  the  importance  of  dispensing  with  them  altogether,  at 
all  events,  in  stationary  boilers.  A  good  deal  of  misconception,  how- 
ever, exists  with  regard  to  their  efficiency ;  and  they  are  considered 
by  some  to  make  a  valuable  addition  to  the  amount  of  steam  room  with- 
in the  boiler,  and  thus  to  compensate  for  irregular  loads  upon  the  en- 
gine. The  fallacy  of  this,  however,  may  be  simply  shown.  Few 
steam  domes  exceed  by  more  than  four  times  the  capacity  of  the  en- 
gine cylinder,  so  that,  even  if  the  dome  could  be  entirely  exhausted, 
it  would  work  the  engine  but  a  few  strokes ;  while  the  entire  space 
above  the  water  line  in  a  Lancashire  boiler,  7  ft.  in  diameter  and  30 
ft.  long  contains  but  little  more  steam  than  the  amount  generated 
every  minute  when  in  ordinary  work.  Again,  one  foot  of  chamber 
room,  filled  with  steam  at  60  Sbs,  will  only  yield  4  ft.  at  atmospheric 
pressure  ;  whereas,  1  cubic  foot  of  the  water,  which  would  be  of  a 
temperature  of  309°,  Fahr.,  would  yield  considerably  above  100  cubic 
feet  of  steam  at  atmospheric  pressure.  So  that  in  a  boiler  worked  at 
a  pressure  of  60  lbs  a  foot  of  space,  filled  with  water,  has  stored  up 
within  it  more  than  thirty  times  as  much  power  as  one  filled  with 
steam.  From  this  it  will  be  clear  that  the  reservoir  of  power  is  not 
in  the  steam,  but  in  the  water.  In  order  to  prevent  priming,  all  that 
is  necessary  is  to  take  the  steam  ofi"at  a  number  of  points,  and  not  to 
allow  a  concentrated  rush  at  any  one.  To  effect  this,  horizontal  per- 
forated pipes,  carried  along  within  the  steam  space,  which  are  so 
widely  known,  are  found  to  be  most  efficacious.  A  considerable  num- 
ber are  at  work  in  the  boilers  under  inspection  and  give  very  satisfac- 
tory results. 

[Report  of  the  Chief  Engineer,  June  28,  1864.] 
During  the  last  month  272  engines  have  been  examined,  and  419 
boilers,  22  of  the  latter  being  examined  specially,  and  one  of  them  test- 
ed with  hydraulic  pressure.  Of  the  boiler  examinations,  364  have  been 
external,  8  internal,  and  47  thorough.  In  the  boilers  examined,  1 54  de- 
fects have  been  discovered,  2  of  them  being  dangerous. 

The  particulars  of  the  explosions,  which  were  postponed  from  the 
last  monthly  report,  may  now  be  given.  None  of  the  boilers  in  ques- 
tion were  under  the  inspection  of  this  Association ;  while  they  have 
all  been  personally  examined  since  their  explosion,  and  the  cause  of 
the  occurrence  investigated.  No.  12  explosion  resulting  in  the  death 
of  one  person,  and  in  serious  injury  to  another,  occurred  at  an  iron- 
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works  to  a  plain  cylindric.il  egg-cndcd  boiler,  fired  extcrnallv,  and 
not  under  the  inspection  of  this  Association. 

The  boiler  was  one  of  a  series  of  five  connected  together  and  work- 
ing side  by  side,  being  No.  4  from  the  left  hand.  It-«  length  was  40 
ft.,  its  diameter  G  ft.,  and  the  thickness  of  the  plates  ^;  of  an  inch. ; 
while  the  pressure  of  the  steam  was  35  lbs,  which  was  quite  moderate 
for  a  boiler  of  such  dimensions.  It  had  rent  into  eleven  fragments, 
which  Were  scattered  in  every  direction,  one  of  them  being  thrown  to 
a  distance  of  200  yards.  The  character  of  these  rents  was  peculiar. 
The  majority  of  boilers  of  this  class  divide  into  two  parts  at  one  of  the 
transverse  seams  of  rivets,  but  this  one  had  not  only  rent  transverse- 
ly, but  also  longitudinally,  from  one  end  to  the  other,  so  as  to  divide 
the  boiler  in  the  main  into  four  nearly  equal  parts  ;  while  these  were 
again  subdivided,  and  the  shell  ultimately  broken  up  into  tiie  eleven 
]>i<'ces  just  named.  These  rents  were  by  no  means  confined  to  the 
lines  of  rivets,  but  had  run  through  the  solid  plates  entirely  regardless 
of  them,  in  many  cases  continuing  for  several  feet  within  a  few  inches 
of  the  overlaps,  and  though  so  near,  yet  without  running  into  them, 
but  continuing  in  a  straight  line  parallel  to  them.  Indeed,  there  was 
scarcely  a  line  of  rivets  disturbed,  and  some  of  the  smaller  fragments 
were  torn  out  of  the  heart  of  the  larger  plates  without  a  single  rivet 
upon  them. 

The  boiler  had  been  originally  plated  longitudinally,  but  on  the 
seams  over  the  fire  giving  way  some  time  since,  it  had  been  repaired 
with  three  widths  of  plate  laid  transversely.  These  plates,  which  were 
iJ  ft.  wide  each,  extended  to  a  short  distance  behind  the  fire  bridge, 
and  it  was  at  the  ring  seam  of  rivets  that  connected  the  new  plating 
laid  transversely,  with  the  old  laid  longitudinally,  that  the  primary 
rent  occurred,  and  which  it  will  be  seen  was  situated,  as  is  so  usual 
in  these  cases,  near  to  the  bridge,  and  at  the  bottom  of  tlie  boiler; 
while  the  anomalous  manner  in  which  the  boiler  had  rent  was  due  to 
the  combination  of  the  transverse  and  longitudinal  modes  of  plating. 
The  manager  of  the  works  informed  me  that  their  externally-fireil 
boilers  were  a  source  of  constant  annoyance  and  expense,  through 
getting  out  of  repair,  and  it  was  no  uncommon  thing  for  one  of  the 
ring  seams,  a  little  behind  the  fire  bridge,  suddenly  to  rend  through 
the  line  of  rivet  holes,  merely  in  conset|Ucnce  of  the  slight  change  of 
temperature  induced  on  the  stoker's  cleaning  out  the  fires  with  the 
door  open.  The  fact  of  these  externally-fired  boilers  being  ever  found 
to  give  way  in  this  treacherous  manner,  seems  to  rae  a  sufficient  rea- 
son to  condemn  them,  especially  at  iron-works  where  the  value  of  the 
charge  of  metal  in  tlie  blast  furnaces,  which  far  exceeds  that  of  the 
boilers,  is  jeopardized  by  them.  That  the  remaining  boilers  in  the 
series,  or  the  furnaces  themselves,  escaped  in  this  instance,  is  a  piece 
of  peculiar  good  fortune,  since,  in  other  cases,  the  whole  range  of 
boilers  has  been  instantaneously  destroyed,  and  the  blast  furnaces 
themselves  demolished. 

No.  13  Explosion  took  place  at  a  colliery.     In  this  instance  three 
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persons  were  killed,  and  three  others  injured  ;  while  the  boiler,  which 
was  not  under  the  inspection  of  this  Association,  was  the  outer  one 
of  a  series  of  three,  and,  as  in  the  case  of  the  previous  explosion,  was 
of  plain  cylindrical  egg-ended  construction,  and  externally-fired.  The 
boiler,  which  was  plated  longitudinally  throughout,  was  32  ft.  long, 

6  ft.  6  ins.  in  diameter,  and  made  of  plates  f  of  an  inch  in  thickness,  the 
pressure  of  steam  being  35  i]bs  per  square  inch.  The  primai-y  rent 
occurred  at  a  longitudinal  seam  of  rivets  over  the  fire,  which  after 
running  in  a  straight  line  for  some  feet  developed  transversely,  divid- 
ing the  shell  into  three  fragments,  all  of  Avhich  were  thrown  to  a 
considerable  distance  from  their  original  seating ;  while  in  addition, 
the  adjoining  boiler  was  dislodged,  and  turned  up  on  epd  by  the  force 
of  the  explosion.  When  it  is  stated  that  the  plates  at  the  fractured 
part  proved  to  be  very  defective,  and  also  that  this  boiler  had  leaked 
for  some  time  at  the  seams  over  the  fire,  so  that  the  introduction  of 
bran  had  been  resorted  to  in  order  to  stop  it,  it  will  not  be  necessary, 
after  what  has  been  said  on  the  danger  of  these  externally-fired  boilers, 
to  add  anything  further  to  account  for  this  explosion  ;  while  it  will 
appear  that  these  boilers,  whether  plated  longitudinally,  as  in  the 
present  instance,  or  transversely,  as  according  to  the  more  usual  prac- 
tice, are  alike  prone  to  explosion. 

Xo.  15  Explosion  by  which  one  man  was  killed,  was  due  to  the  col- 
lapse of  the  combustion  chamber  of  a  boiler  of  the  double  furnace  or 
breeches  class,  working  at  a  flour-mill,  and  which  was  not  under  the 
inspection  of  this  Association. 

The  boiler  was  a  left  hand  one  of  a  series  of  three,  the  shell  being 

7  ft.  in  diameter,  and  26  ft.  6  ins.  long  ;  while  the  diameter  of  the  fur- 
naces was  2  ft.  9  ins.,  and  that  of  the  flue  3  ft.  3  ins.;  the  length  of  the 
combustion  chamber  being  4  ft.  6  ins.;  the  thickness  of  the  plates  f  of 
an  inch,  and  the  steam  pressure  45  lbs.  The  boiler  had  been  built 
by  a  first-class  maker,  and  the  quality  of  the  material  as  well  as  the 
character  of  the  workmanship  appeared  to  be  good  throughout. 

The  rush  of  steam  and  water  from  the  rent  in  the  combustion  cham- 
ber drove  the  boiler  about  6  ft.  forward  into  the  firing  space,  and  al- 
though the  other  boilers  remained  unmoved,  yet  the  steam  pipe  con- 
nexions to  them  were  broken.  In  consequence  of  this,  the  steam  and 
hot  water  escaping  from  the  junction  valve  on  the  centre  boil'er,  play- 
ed with  fatal  effect  into  the  firing  space  and  engine  room.  The  engi- 
neer and  stoker,  who  were  there  at  the  time,  made  a  rush  at  the  first 
sound  of  the  collapse,  to  a  door  which  opened  out  on  the  river  running 
directly  alongside  of  the  boiler-house,  and  the  tide  being  out,  jumped 
down  upon  the  bed.  The  engine-man  happily  escaped  with  a  few 
bruises,  but  the  stoker,  less  fortunate,  was  so  severely  scalded  that  he 
died  the  same  night.  The  collapse  of  the  combustion  chamber  had  taken 
place,  not  at  the  crown  but  at  the  underside,  and  this  arose  from  the 
fact  that  while  the  crown  was  stiffened  with  roofing  stays,  assisted  by 
tie  rods  connected  to  the  shell  of  the  boiler,  the  bottom  of  the  com- 
bustion chamber  was  comparatively  unstayed,  having  but  a  single  an- 
gle iron  running  longitudinally  on  the  centre  line,  in  addition  to  a 
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small  gusset  on  each  side.  These  breeches  or  combustion  chambers 
have  already  proved  a.  very  fruitful  source  of  explosion,  and  it  is  im- 
portant that  any  steam  users,  who  are  employing  boilers  of  this  con- 
struction, sliould  have  these  chambers  stayed  with  vertical  water  tubes 
which  act  as  internal  columns  or  struts,  and  thus  prevent  the  top  and 
bottom  plates  of  the  chamber  coming  together  ;  while,  in  addition,  it 
is  frequently  if  not  always  desirable,  that  the  flue  should  be  encircled 
with  an  angle  iron  hoop  just  at  the  waist  or  termination  of  the  breeches 
piece.  In  some  cases,  where  the  pressure  is  low,  this  hoop  of  itself  would 
bcsufficient,  and  under  many  circumstances  would  perhaps  be  more  easi- 
ly obtained  than  the  water  tubes.  Had  these  precautions  been  adopt- 
ed in  the  boiler  under  consideration,  the  collapse  of  the  breeches  or 
combustion  chamber,  and  the  consequent  explosion,  would  have  been 
prevented. 

Sir  John  Herschcl  on  the  French  and  English  Standards  of 
Measurement. 

From  tlic  I>jn>l.  Civil  Kng.  anil  Arrh.  Jour.,  July,  1SC4. 

We  extract  the  following  letter  to  the  editor  from  a  recent  number 
of  the  Times : 

In  the  Times  of  Thursday,  the  ICth  inst.,  I  observe  a  letter  ad- 
dressed by  Mr.  Ewart  to  the  editor  of  the  Journal  des  Dehats  on  the 
subject  of  the  introduction  into  this  country  of  the  French  metrical 
syeti  in.  In  this  letter  Mr.  Ewart  appears  to  be  at  a  loss  to  understand 
why  the  Times  has  all  along  raised  its  voice  in  opposition  to  the  pro- 
posed change  ;  and  speaks  of  the  prevalent  repugnance  to  its  adoption 
as  arising  merely  from  British  prejudice,  which  he  considers  to  bo 
gradually  yielding  to  the  efforts  making  by  himself  and  his  coadjutors 
to  enlighten  us  as  to  its  advantage. 

It  is  well  for  those  who  have  adopted  a  contrary  opinion,  whether 
from  the  exercise  of  their  own  judgment,  or  from  a  perusal  of  the  many 
able  expositions  of  the  confusion  and  inconvenience  the  change  would 
create  which  have  from  time  to  time  appeared  in  your  columns,  to  bo 
enabled  to  render  an  account  of  the  faith  that  is  in  them  ;  and  you  will 
excuse  me  if  I  observe  that,  in  the  articles  referred  to,  I  nowhere  find 
any  clear  and  distinct  statement  of  tho;e  reasons  which  appear  to  my- 
self decisive  against  the  change  on  purely  scientific  grounds,  and  which 
lead  me  to  regard  it,  scientifically  considered,  as  a  retrograde  step. 
These,  with  your  permission,  I  will  endeavor  to  state  as  briefly  as  may 
be,  for  the  binefit  of  that  very  large  portion  of  the  public  who  may 
not  have  read  my  recent  remarks  on  the  subject  in  one  of  our  most 
widely  circulated  monthly  periodicals. 

"Whatever  be  the  historical  origin  of  our  standards  of  weight,  capa- 
city, and  length,  as  a  matter  of  fact  our  British  system  refers  it.-^clf 
with  t|uite  as  much  aritiimetical  simplicity,  through  the  medium  of  the 
inch,  to  the  length  of  the  earth's  polar  axis  (a  unit  common  to  all 
nations)  as  the  French  does  through  that  of  the  metre  to  the  elliptic 
quadrant  of  a  meridian  passing  through  Paris  (a  unit  peculiar  to  France). 
It  does  so  as  regards  our  actual  legal  standards  of  weight  and  capacity 
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■with  much  more  precision  than  the  French  system,  and  as  regards  that 
of  length  (with  a  correction  which,  if  legalized,  would  be  absolutely 
imperceptible,  from  the  smallncss  of  its  amount,  in  any  transaction  of 
life,  and  which  can  be  applied,  currente  ealamo,  almost  without  calcu- 
lation to  any  statement  of  lengths)  with  even  still  greater,  and  indeed 
with  all  but  mathematical,  exactness. 

If  the  earth's  polar  axis  be  conceived  divided  into  five  hundred  mil- 
lion inches,  and  a  foot  to  be  taken  to  consist  of  ^2  such  inches,  then 
one  hundred  of  our  actual  legal  imperial  half- pints  by  measure,  or  one 
thousand  of  our  actual  imperial  ounces  by  weight,  of  distilled  water  at 
our  actual  standard  temperature  of  62°  Fahr.,  will  fill  a  hollow  cube 
having  one  such  foot  as  its  side.  The  amount  of  error  in  either  case 
is  only  one  part  in  8000. 

The  theoretical  French  metre  is  one  ten-millionth  part  of  the  elliptic 
quadrant  above  mentioned  ;  the  theoretical  litre  is  one-thousandth  of  a 
cubic  metre  ;  and  the  theoretical  gramme,  one  millionth  part  of  a  cubic 
metre  of  distilled  water  at  32°  Fahr.  The  actual  error  of  the  French 
legal  or  standard  litre  or  gramme,  or  the  deviation  of  these  standards 
as  they  actually  exist,  from  their  true  theoretical  value,  is  one  part  in 
two  thousand  seven  hundred  and  thirty  (2730),  and  is  consequently 
relatively  nearly  three  times  as  great  as  the  error  in  our  standards  of 
capacity  and  weight  when  referred  to  the  earth's  polar  axis  as  their 
theoretical  origin  in  the  manner  above  stated. 

Our  actual  imperial  measures  of  length  deviate,  it  is  true,  by  more 
than  this  amount  from  their  theoretical  values  so  defined ;  that  is  to 
say,  by  one  part  in  one  thousand ;  so  that  a  correction  of  one  exact 
thousandth  part  subtracted  from  the  stated  amount  of  any  length  in 
imperial  measures  suffices  to  reduce  it  to  its  equivalent  in  such  units 
as  correspond  to  similar  aliquots  of  the  polar  axis ;  a  correction  per- 
formed if  needed,  as  already  remarked,  instanter,  and  currente  ealamo 
requiring  no  tables  and  almost  no  calculation.  So  corrected  the  out- 
standing error  is  only  one  part  in  sixty-four  thousand  (64,000).  The 
actual  legal  metre  in  use  in  France  is  however,  not  immaculate  in  this 
respect,  its  amount  of  error  being  one  part  in  six  thousand  four  hun- 
dred (6400),  which  is  ten  times  that  which  our  British  measures  so 
corrected  would  exhibit. 

If  it  were  worth  while  to  legalize  so  trifling  an  alteration  (and  were 
an  Act  passed  rendering  permissive  the  decimalization  of  our  own 
system,  it  would  be  necessary  to  do  so  as  a  means  of  bringing  the 
national  units  of  length,  weight,  and  capacity,  into  exact  decimal  cor- 
respondence), no  mortal  would  be  aware,  practically  speaking,  that 
any  change  had  been  made  in  our  mile,  yard,  foot,  or  inch.  I  have 
in  common  use  two  foot  rules  bought  at  respectable  shops,  and  neither 
the  worse  for  wear,  which  differ  by  more  than  the  amount  of  change 
required. 

The  writer  in  the  Journal  des  Dehats  is  pleased  to  say  that  England 
stands  in  extensive  commercial  relations  with  only  one  considerable 
nation  (North  America)  employing  the  British  system  of  weights  and 
measures.  British  commerce  extends,  however,  to  Russia,  British  India 
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and  Australia,  all  of  them  superior  in  area,  and  the  two  last,  at  least, 
of  ecjual  importance,  commercially  speaking,  with  the  totality  of  the 
inetricised  nations.  Tlie  Russian  sagene  is  an  exact  multiple  of  the 
English  foot  (imperial).  The  hath  (the  legal  measure  of  length  in 
JJritish  India)  is  18  imperial  inches.  The  Australian  system  is  identi- 
cal with  our  own.  Taking  into  consideration  this  immense  prepon- 
derance, both  in  area,  in  population,  and  in  commerce,  we  are  not  only 
justified  in  taking  our  stand  against  this  innovation,  but  entitled  to 
infjuire,  if  uniformity  be  insisted  on,  why,  with  an  equally  good  theo- 
retical basis  (to  say  the  least),  the  majority  is  called  upon  to  give  way 
to  the  minority.  j.  F.  W.  IIeksciiel. 

CollingwuoU,  June  18. ' 

For  the  Journal  of  tlic  Krnnkliii  Iiifttitute. 

Atmospheric  Pressure  as  a  Traveling  Force,  versus  Animal  Power 
and  Steam  Locomotives. 
(Continued  from  jmge  27'«.) 

It  may  readily  be  supposed  that  to  establish  Pneumatic  passenger 
lines,  the  dimensions  of  the  tunnels  or  tubes  should  be  as  small  as 
possible,  not  only  because  their  cost  swells  greatly  with  their  bore, 
but  because  the  larger  one  is  the  larger  are  the  volumes  of  air  to  be 
drawn  out,  and  the  longer  the  time  and  greater  the  outlay  of  force  to 
do  that.  This  may  be  said  to  depend  on  the  arrangement  of  the  pas- 
sengers seats.  In  common  cars  it  matters  littU-  how  they  are  placed, 
in  the  direction  of  the  length  or  breadth  of  the  cars,  but  in  an  air 
tube  the  diflerence  is  very  great.  Every  addition  to  its  width  enlarges 
its  capacity  and  cost.  A  company  of  soldiers  can  march  in  single  file 
through  a  passage  less  than  three  feet  wide,  but  not  in  squads  of 
three  or  four  abreast;  so  a  pneumatic  tunnel  ailapted  for  a  single  row 
of  passengers  can  pass  the  same  number  through  as  a  much  larger 
one  seated  across  it,  and  in  the  same  time.  If  length  be  thus  sub- 
stituted for  breadth,  the  result  would  be  a  tube,  the  cost  of  which  would 
be  reduced  to  a  minimum,  and,  as  it  Avould  seem,  the  expense  of  work- 
ing it  also. 

What  then  is  the  form  and  size  of  such  a  tube?  "We  assume  that 
one  whose  section  is  a  circle  five  feet  in  diameter  could  receive  two 
rows  of  passengers  seated  vis  <>  vis  as  in  fig.  1,  with  the  space  under 
the  seats  excluded.  The  sitting  posture  would  be  uneasy  for  tall 
travelers  and  there  would  be  a  lack  of  head-room  on  going  in  and  out. 
This  would  suggest  the  drawing  in  of  the  sides  so  as  to  form  an  ellii»se 
by  dividing  of  which  vertically  and  taking  half  of  it,  we  should  have, 
with  a  slight  modification,  the  second  figure.  But  though  here  taken 
for  a  section  of  a  tube  of  the  smallest  dimensions  it  can  only  be  con- 
sidered as  that  of  the  car,  to  which  the  tube  proportionately  enlar^fed 
would  have  to  conform. 

It  is,  however,  obvious  that  so  severe  an  economy  of  space  and  such 
a  disposition  of  travelers  wuuld  militate  against,  if  they  did  not  prove 
fatal  to  the  system.  The  comforts  and  conveniences  of  travel  wouhl 
be  materially  lessened,  social  and  confidential  converse,  except  with 
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adjoining  individuals,  would  be  out  of  the  question,  while  almost  every 
one  would  be  cramped  for  want  of  room  and  change  of  position. 
Traveling  in  a  single  file  cannot  become  a  general  feature  of  atmo- 
spheric lines,  nor  is  it  so  essential  in  an 
economical  point  of  view,  as  has  just  been 
supposed.  The  reasoning  in  the  first  pa- 
ragraph is  plausible  and  would  be  con- 
clusive if  a  liquid  instead  of  air  had  to  be 
pumped  out.  It  is  to  some  extent  super- 
ficial. Almost  as  much  may  be  advanced 
in  favor  of  the  proposition  that  in  the 
working  of  a  line  little  is  gained  by  a 
small  tube  over  a  large  one. 
Imagine  two  laid  down  of  equal  length,  one  having  a  sectional  area 
twice  that  of  the  other,  equal  loads  linked  to  the  pistons,  and  each 
operated  on  by  a  like  amount  of  exhausting  power :  would  not  the 
trains  start  together  and  reach  the  end  of  the  routes  at  the  same  time, 
and  with  the  same  expenditure  of  force  ?  While  the  larger  one  had 
a  double  quantity  of  air  to  remove,  its  density  would  only  require  to 
be  half  diminished.  If  the  smaller  piston  had  a  pressure  of  8  lbs. 
on  the  inch,  that  of  the  other  would  have  4  lbs.  on  an  area  twice  as 
large.  So  that,  throwing  friction  of  the  pistons  out  of  view,  as  regards 
speed  and  power,  they  Avould  be  much  alike,  and  accommodations  in 
common  cars  are  compatible  with  Pneumatic  tunnels  of  moderate 
dimensions. 

The  principle  by  which  the  resistance  is  accommodated  to  the  force 
and  the  force  to  the  resistance,  is  one  of  the  fluid  phases  of  the  lever. 
Its  applications  may  be  supposed  in  their  infancy,  and  this  pumping 
of  men  and  merchandise,  like  water,  through  pipes,  a  foreshadowing 
of  its  future  operations.  E. 


Protecting  Armor  Plating. 

From  the  London  Artizan,  Sept.  1864, 

Great  success  has  attended  the  plan  adopted  for  protecting  the  ar- 
mor plating  of  the  iron-cased  wooden  frigates,  as  applied  in  the  first 
instance  of  the  Royal  Oak.  This  vessel  has  been  admitted  into  the 
dock  at  Malta  for  the  purpose  of  ascertaining  the  results  of  the  measures 
adopted  for  preventing  the  efi"ects  of  galvanic  action  on  the  armor  plat- 
ing. The  plan,  which  was  suggested  by  Mr.  Reed,  the  chief  con- 
structor of  the  navy,  consists  in  sheathing  the  plates  with  teak  plank- 
ing three  inches  in  thickness,  the  inside  of  the  planking  and  the  sur- 
face of  the  armor  plating  being  at  the  same  time  coated  with  Hay's 
water-proof  glue,  and  the  planking  attached  to  the  armor  plates  by 
s'.iort  screws.  Since  the  Royal  Oak  has  been  in  dock  at  Malta  a  por- 
tion of  the  planking  has  been  removed,  and  the  results  have  been  in 
the  highest  degree  satisfactory,  the  armor  plates  having  been  perfect- 
ly protected,  while  not  even  the  slightest  trace  of  galvanic  action  can 
be  detected.  This  improvement  in  the  way  of  preserving  the  armor 
plating  of  wooden  frigates  is  the  more  important  when  it  is  recollected 
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how  seriously  the  plates  of  the  Ilojjal  Oak  were  found  to  have  suffer- 
ed only  a  very  short  time  after  the  frigate  had  been  launched,  on 
the  vessel  being  docked  and  inspected  in  this  country.  Mr.  Reed's 
plan  was  subsequently  applied  to  the  Ocean,  armor-cased  frigate,  at 
Devonport,  and  so  satisfied  are  the  Lords  of  the  Admiralty  with  the 
results  in  the  case  of  the  Uoijal  Oak,  that  they  have  ordered  the  whole 
surface  of  the  armor  below  the  water  to  be  protected  in  the  same  way 
and  the  work  will  be  carried  out  at  Malta  dock-yard. 


For  the  Jonnial  ofthe  Franklin  In»titute. 

Strength  of  Cast  Iron  and  Timber  Pillars:  A  series  of  Talhs 
showing  the  Breaking  Weight  of  Cast  Iron,  Dantzic  Oak,  and 
lied  Deal  Pillars.     By  Wm.  ]]rysox,  Civ.  Eng. 

(■Continued  from  Vol.  xlv.,  p.  180.J 
Solid  Uniform  Square  Pillars  of  Dnntzic  Oak,  both  Ends  being  Flat  and 

Firmlv  Fixed. 


Leiifrth  or  hm'cht  i  Side  of  th"  8<^uiire 
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Solid  Uniform  Square  Pillars  of  Red  Deal,  both   Ends  being  Flat  and 

Firmlv   Fixed. 


8 
It) 
12 
14 
10 
18 
20 


G-5 


•S\"l 


217-83 
1:59 -4 1 
90-81 
7112 
54-45 
4:',-02 
34-85 


124-21 


87-0<l 
74-45 
03-30 
53-77 
45-82 
39-24 
.33-81 


346 


3Ieehaiiics,  Physics,  and  Chemistry. 


Hollow  Uniform  Cylindrical  Pillars  of  Cast  Iron,  both  Ends  being  Bounded 
or  Irregularly  Fixed. 
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For  the  Journal  of  the  Franklin  Institute. 

Compressed  Air  and  Gunpowder  as  Traveling  Forces. 

The  first,  though  often  proposed  has  never  been  adopted,  and,  as 
I  think,  for  a  sufficient  reason.  It  is  certainly  desirable  that  rail 
cars  on  short  routes  should  be  worked  if  possible  by  a  portable  inor- 
ganic force,  even  at  a  somewhat  greater  cost  than  by  draft  animals. 
Could  this  be  done  with  compressed  air  the  achievement  would  be  a 
great  one.  Besides  leaving  street  pavements  untouched  and  therefore 
incurring  no  expense  for  re-paving  them,  the  capital  invested  in 
horses  and  stabling,  feed  and  attendants,  &c.,  would  be  transferred  to 
a  steam-compressing  engine,  at  one  or  both  ends  of  a  line,  and  to 
motive  machinery  more  lasting  than  living  tissues  and  much  cheaper 
to  keep. 

The  future  has  many  good  things  in  store  for  us,  and,  possibly, 
this  may  be  among  them,  for  it  does  not  appear  to  be  within  the  com- 
pass of  our  present  resources.  Difficulties  and  dissatisfaction  attend- 
ing our  city  cars  have  suggested  afresh  the  use  of  compressed  air 
without  a  due  consideration  of  what  it  is  competent  to  do  and  what 
not.  True,  the  reservoir  or  receiver  of  each  car  would  be  filled  in  a 
moment  or  two,  either  directly  by  the  engine  or  from  a  common 
reservoir  kept  charged  to  the  proper  tension,  but  with  this  serious 
drawback,  that,  as  there  would  be  no  sustaining  means,  as  with  steam 
boilers,  to  keep  up  the  supply,  the  force  within  would  diminish  with 
every  portion  of  the  fluid  drawn  out.  Every  stroke  of  the  piston 
acting  on  the  wheels  would  lessen  it,  and  not  in  a  constant  but  a  con- 
stantly increasing  ratio.  A  car  would  not  have  one-third  of  the  power 
it  started  with,  to  carry  it  oVer  the  latter  half  of  its  route. 

Something  better  might  be  done  than  has  perhaps  been  attempted 
or  proposed ; — the  air  should  be  in  two  separate  receivers,  one  for  the 
first  half  of  the  route,  the  other  for  the  second.  Three  would  be  better 
than  two.  They  should  be  kept  at  as  low  a  temperature  as  circum- 
stances permit  while  being  charged.  The  cooler  they  are  the  more 
air  they  would  take  in.  The  introduction  of  fuel  is  surely  to  be  avoid- 
ed, but  if  a  small  quantity  should  ofl"er  a  decided  gain  it  would  hardly 
be  wise  to  reject  it.  For  example :  the  motive  fluid  might  be  made 
to  do  something  like  double  duty  by  discharging  it  from  the  working 
cylinder  into  a  heated  chamber,  to  act  on  a  larger  piston  as  in  the 
caloric  or  common  air  engines,  or  by  applying  a  moderate  and  mode- 
rately increasing  heat  to  the  receiver  itself.  In  stopping  to  take  in 
and  let  out  passengers,  cars  waste  entirely  their  momentum  and  strain 
the  sinews  of  the  horses  to  start  again  :  the  power  thus  lost  might  be 
saved  by  making  an  injecting  air  pump  the  drag  instead  of  bu2"ers 
on  the  wheels. 

But  with  these  additions  the  prospect  of  successfully  employing  air 
is  not  encouraging.  There  is  another  obstacle  in  the  disproportionate 
dimensions  of  the  receivers.  Instead  of  being  light  and  portable 
they  would  be  the  reverse.  Suppose  the  engine  of  a  car  have  a  4-inch 
cylinder  with  a  12-inch  stroke — it  could  not  well  be  less — its  capacity 
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would  be  150  cubic  inches.  Sixty  strokes  a  minute  would  use  up  5\ 
cubic  feet  in  that  time,  and  a  20  minutes  route  109  feet.  Now,  a 
cylindrical  receiver  capable  of  withstanding  the  required  pressure. 
Bay  from  100  to  200  pounds  on  the  inch — should  not  exceed  lo  inches 
diameter.  To  contain  the  supply  for  20  minutes  it  would  have  to  be 
nearly  100  feet  long;  to  work  the  engine  half  an  hour  loO  feet,  and 
for  a  whole  hour  its  dimensions  would  approach  those  of  a  car  and  be 
three  or  four  times  as  heavy. 

Perhaps  this  may  be  thought  an  exaggerated  view ;  that  the  fluid 
ought  not  to  be  measured  by  tiic  cylinder,  like  liquids  drawn  from 
liogsheads  by  tiic  gallon,  but  that  some  credit  should  be  given  for 
expansion  by  cut  offs,  &c.  To  meet  this  it  will  be  sufficient  to  observe 
that  it  has  been  calculated  as  operating  on  the  piston  with  equal 
energy  throughout  and  as  being  wholly  used  up. 

Hence,  so  far  from  being,  what  many  imagine  it,  a  force  that  may 
be  conveyed  hither  and  thither  in  receptacles  relatively  no  larger  than 
soda  fountains  are  to  steam  boilers,  it  is  anything  but  that.  Recourse 
must  be  had  to  explosive  compounds  for  the  only  real  portable  force 
at  present  attainable.  In  these  it  is  oftered  to  us  in  the  least  of 
imaginable  packages,  and  of  startling  intensities.  Thus  12  grains  of 
gunpowder  exploded  by  Kuniford  in  a  -^-inch  cylinder  drilled  in 
wrought  iron  gave  out  a  force,  measure<l  by  a  loaded  valve  on  the 
open  end,  of  0-431  atmospheres.  When  the  cavity  was  quite  filled 
with  2G  grains  the  force  was  calculated  at  410-024  lbs.,  or  182  tons 
on  the  inch.  Later  experimentalists  have  reduced  these  wonderful 
statements.  Robbins  calculated  the  pressure  of  the  gases  generated 
by  the  explosion  of  powder  at  1000  atmospheres,  or  somewhat  less 
than  61  tons  on  the  inch.  But  Ilutton  doubled  this  and  Dr.  Gregory 
confirmed  his  results.  Others  have  since  run  it  up  to  2J00  atmo- 
spheres. 

To  whatever  cause  the  discrepancies  are  to  be  ascribed,  to  varia- 
tions in  the  quantities  of  the  powder,  its  filling  or  only  partly  filling 
the  exploding  chamber,  &c.,  there  is  enough  in  all  conscience  in  the 
lowest  estimates  to  lead  mechanicians  to  inquire  if  this  amazing  agent, 
resistless  as  an  exploding  force  may  not  be  converted  into  a  quiet  and 
efficient  working  one.  llautefiUe,  lluygens,  and  Papin  attempted  this 
in  the  seventeenth  century,  and  many  more  in  the  succeeding  and  the  pre- 
sent one.  Numerous  notices  may  be  found  in  the  Mechanical  Journal^, 
but  I  do  not  remember  any  particular  description  of  the  testing  appa- 
ratus, or  any  definite  item  of  results.  Desirous  of  ascertaining  if  the 
force  could  be  introduced  as  a  substitute  for  animals  in  rail  cars  at  a 
moderate  cost,  I  consulted  my  friend,  Mr.  James  Bogardus,  whose 
mechanical  knowledge  and  inventive  resource  have  rarely  if  ever  been 
surpassed.  The  apparatus  adopted  was  designed  by  him.  It  is  only 
necessary  to  refer  to  a  part  of  it  here. 

Instead  of  receiving  the  explosive  impulse  on  air,  the  most  elastic 
and  durably  elastic  of  agents,  as  suggested  in  the  Patent-Office  Report 
of  1S4!*,  the  piston  driven  by  the  powder  compressed  a  steel  spring 
formed  by  bending  to  and  fro,  a  bar,  20  feet  long,  2  inches  wide,  and 
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^-inch  thick,  into  a  series  of  short  turns.  The  compressing  force  was 
determined  directly  by  a  weight  passing  over  a  pulley  and  making 
additions  to  it  as  the  compression  proceeded  along  a  finely  graduated 
scale.  There  could,  therefore,  be  little  or  no  mistake  made  in  the 
amount  of  force  thus  received  and  given  out  to  the  revolving  mechan- 
ism. The  cylinder,  or  gun,  was  2  inches  bore  and  16|  inches  long. 
The  piston  and  rod  were  of  one  piece  of  metal,  the  latter  1|  inches 
square. 

The  experiments  were  interrupted  by  the  death  of  Mr.  Dornbach, 
killed  while  packing  a  case  of  gun  cotton.  We  had  tried  wldte  powder 
and  preferring  it,  were  waiting  a  further  supply  from  him.  The  delay 
in  resuming  them  is  moreover  due  to  the  fact  that  the  magic  power 
ascribed  to  powder  in  the  books,  and  mining  and  military  engineering, 
vanishes  in  the  workshop. 

The  power  of  a  single  horse  is  commonly  estimated  at  33,000  lbs. 
raised  one  foot  per  minute. 

We  found  10  grains  of  powder  only  raised  250  lbs.  one  foot,  hence 
132  such  charges,  or  1320  grains,  were  required  to  bring  it  up  to 
horse  power.  A  pound  contains  7000  and  they  could  hardly  keep  the 
engine  going  5J  minutes.  Eleven  pounds  and  a  half  would  be  con- 
sumed in  an  hour,  and  that  at  20  cents  per  pound  would  amount  to 
over  twenty-two  dollars  for  a  working  day  of  ten  hours. 

It  should  however  be  understood  that  from  the  construction  of  the 
testing  machine,  a  feeding  channel  and  a  small  receptacle  for  the 
residuum  were  exposed  to  the  explosive  impulse;  and  though  the  small 
quantity  of  air  they  contained  gave  back  by  expansion  the  compres- 
sion received,  there  is  little  doubt  that  the  effect  on  the  piston  would 
have  been  greater  if  there  had  been  no  communication  with  these — 
that  is,  if  tlie  force  had  been  solely  and  strictly  concentrated  on  the 
end  of  the  piston.  It  was  not  intended  to  give  any  statements  re- 
specting the  experiments  till  they  were  concluded,  but  on  closing  the 
remarks  on  Compressed  Air,  the  opportunity  seemed  appropriate  for  a 
brief  reference  to  them.  E. 

New  York,  October  18, 1864. 


A  Colorless  Varnish. 

From  the  London  Chemical  News,  No.  2-16. 

At  the  time  the  process  of  varnish-making  by  Luning  was  laid 
before  the  Society  of  Arts,  Mr.  Field  put  in  a  claim,  when  both  the 
processes  and  products  were  found  to  answer  the  intended  purpose, 
and  the  claimants  were  awarded  twenty  guineas  each.  Mr.  Eield 
describes  bis  process  as  follows  : — Six  ounces  of  shellac,  coarsely  pow- 
dered, are  to  be  dissolved  b}'-  gentle  heat  in  a  pint  of  spirits  of  wine ; 
to  this  is  to  be  added  a  bleaching  liquor  made  by  dissolving  carbonate 
of  potash,  and  then  impregnating  it  with  chlorine  gas  till  the  solution 
becomes  slightly  colored.  Of  this  bleaching  liquor  add  one  or  two 
ounces  of  the  spirituous  solution  of  lac,  and  stir  the  whole  well  together. 
Effervescence  takes  place.  When  this  ceases  add  more  of  the  bleaching 
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liquor,  find  tlius  proceed  till  the  color  of  the  mixture  lias  become  pale, 
A  Hccond  bleacliiti^  lifjuor  is  now  to  be  added,  made  by  diluting  mu- 
riatic acid  with  thrice  its  bulk  of  water,  and  dropping  into  it  pulver- 
ized red  lead  till  the  last  added  portions  flo  not  become  white.  Of  this 
acid  bh'aching  li(|uor,  smull  (juantities  at  a  time  arc  to  be  a<lded  to 
the  half-bleached  lac  solution,  allowing  the  effervescence  which  takes 
j)lace  on  each  addition  to  cease  before  a  fresh  portion  is  poured  in. 
This  is  to  be  continued  until  the  lac  now  white  separates  from  the 
li(|uor.  The  supernatant  Uuid  is  now  to  be  poured  away,  the  lac  well 
washed  in  re(»eated  waters,  and  finally  wrung  as  dry  as  possible  in  a 
cloth.  The  lac  obtained  by  the  foregoing  process  is  to  be  dissolveti 
iti  a  pint  of  alcohol,  more  or  less,  according  to  the  required  strength 
of  the  varnish;  and,  after  8tan<ling  for  some  time  in  a  gentle  lieat, 
the  clear  liquor — which  is  the  vaiiiish — is  to  be  poured  off  from  the 
sediment.  When  the  pr<K'cs»cs  of  Luning  and  Field  came  before  the 
Society  of  Arts,  the  Editor  of  the  Franklin  Journal*  (IMuladelphiai 
made  known  the  process  of  Dr,  Hare,  in  which  he  stated  that  "all  th" 
objects  sought  for  were  perfectly  attained,  and  left  nothing  to  desire, 
save  on  the  score  of  economy."  The  following  was  Dr.  Hare's  pro- 
cess : — Dissolve  in  an  iron  kettle  one  part  of  pearl  ash  in  about  ei(.'l.* 
parts  of  water,  add  one  part  of  seed  or  shellac,  and  heat  the  wlion- 
to  ebullition.  When  the  lac  is  dissolved,  cool  the  solution,  and  im- 
pregnate it  with  chlorine  tiil  the  lac  is  all  precipitated.  The  precipi- 
tate is  white,  but  its  color  is  deepened  by  washing  and  consolidation. 
Dissolve  in  alcohol.  Lac  bleached  by  this  process  yields  a  varni.-li  a-* 
free  from  color  as  any  co{)aJ. — liritith  Journal  of  Phoio<jnii>hy. 


Preserving  Timber  from  Decay. 

>'r<>m  tlir  lA<n<l<'ii  UullJpr.  .No.  1121. 

Experiments  by  Mr.  Crepin  are  recorded  in  the  Annalet  Jeg  Trti- 
rauj-  J*ul>lir«  de  JiAijiquc^  ia  connexion  with  lialtic  timber  creosot'  I 
by  Mr.  John  Jiethell's  {)roccss.  In  October,  iMoT,  croosoted  fir,  vinch 
hail  been  taken  from  wood  pr«'pared  in  the  ordinary  way  for  the  iStato 
railway,  beech  prepared  with  twilphato  of  copper,  and  fir  and  beech 
not  prepared  in  any  way,  were  placed  G  ft.  '^  ins.  (I'lM})  above  tiie 
water  mark  upon  the  piles  of  the  east  pier  at  Ostcnd.  In  the  be-ii.- 
ningof  Jiinuary,  18">1*,  the  pieces  were  taken  down  and  inspected,  it 
was  found  that  the  piece  of  fir  unprepared  was  much  perforated  by 
the  teredo ;  that  the  piece  ol  beech  unprepared  was  perforated  from 
one  end  to  the  other,  that  the  pieces  prepared  with  sulphate  of  cop- 
]>er  were  all  three  eaten  by  the  teredo  ;  and  that  the  three  pit  r  ••* 
"f  creosoted  fir  alone  were  intact,  and  without  a  trace  of  the  teitd  ■. 
Mr.  Crepin  concludes  that  he  cannot  too  strongly  recommend  the  use 
.if  crcosoted  fir  wood  in  hydraulic  engineering,  in  preference  to  o;ik  ; 
since,  in  addition  to  its  being  cheaper,  there  is  no  doubt  of  tho  croo- 
soted  fir  lasting  longer.  The  Government  Public  Works  Department 
has  adopted  this  process,  and  constructed  part  of  the  dyke,  and  the 
*  Journal  uf  the  Franklin  Institute. 
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■whole  of  the  American  foot  passengers  bridge,  in  the  new  works  at 
Ostend,  of  creosoted  red  fir.  A  report  of  Mr.  Moir,  with  respect  to 
the  piles  and  other  timber,  in  the  pier  at  Leith  Harbor,  creosoted  by 
Mr.  Bethell,  is  equally  satisfactory. 


Hhimination  of  Lecture  Rooms  by  Electric  Light. 

I'lom  tlie  London  Chemical  News,  No.  243. 

The  good  and  learned  Abbe  Moigno  deserves  the  thanks  of  his 
numerous  friends  in  this  city  for  having  introduced  an  innovation  at 
his  last  lecture  on  the  Progress  of  Science  during  the  month,  in  the 
hall  of  the  Societe  d'Encouragement,  which  cannot  fail  to  be  adopted, 
in  hot  weather  at  least,  by  all  entrepre^ieurs  of  public  meetings  or 
entertainments.  Instead  of  being  illuminated  by  the  innumerable  jets 
of  gas  with  which  the  hall  is  provided,  a  single  electric  light,  placed 
in  a  central  position,  lit  the  room  in  the  most  perfect  manner.  The 
consequence  was  that,  although  the  thermometer  was  above  100°  out 
of  doors,  no  one  was  inconvenienced  by  the  heat,  and  although  there 
were  nearly  500  persons  present,  hardly  a  single  pocket  handkerchief 
was  used  as  a  sudarium  during  the  meeting.  While  enjoying  the  com- 
parative coolness,  one  could  not  help  thinking  of  the  summer  evening 
meetings  of  the  London  Chemical  Society,  held  in  the  hottest  and 
worst  ventilated  meeting-room  it  was  ever  my  ill  luck  to  enter. 

The  heat  h«re  during  the  last  week  has  been  positively  frightful, 
ajid  forms  the  only  subject  of  conversation  everywhere. 


On  some  of  the  Straiyis  of  Ships.    By  W.  J.  Macquorn  Rankine, 
C.E.,  LL.D.,  F.R.S. 

From  the  Lond.  Civ.  Ens:,  and  Arch.  Journal,  Oct.,  1S64. 
Eead  before  the  British  Association. 

In  previous  scientific  investigations  respecting  the  strains  which 
ships  have  to  bear,  it  has  been  usual  to  suppose  the  ship  balanced  on 
a  point  of  rock,  or  supported  at  the  ends  on  two  rocks.  The  strains 
which  would  thus  be  produced  are  far  more  severe  than  any  which 
have  to  be  born  by  a  ship  afloat.  The  author  computes  the  most 
severe  straining  action  which  can  act  on  a  ship  afloat — viz  :  that  which 
takes  place  when  sho  is  supported  amidships  on  a  wave-crest,  and  dry 
at  the  ends;  and  he  finds  that  the  bending  action  cannot  exceed  that 
due  to  the  weight  of  the  ship  with  a  leverage  of  one-twentieth  of  her 
length,  and  that  the  racking  action  cannot  exceed  about  yVo^^^  ^^  ^^^ 
weight.  Applying  those  results  to  two  remarkably  good  examples  of 
ships  of  2680  tons  displacement,  one  of  iron  and  the  other  of  wood, 
■described  by  Mr.  John  Vernon  in  a  paper  read  to  the  Institution  of 
Mechanical  Engineers,  in  1863,  he  finds  the  following  values  of  the 
greatest  stress  of  difierent  kinds  exerted  on  the  material  of  the  ship : — 

In  the  iron  ship,  tension  3-98  tons  per  square  inch. 

"         '•       thrust  2-35         •«  " 

■"        «♦      rackin;r  stress    0-975      "  " 


C onsuwpiion  of  Water.  355 

It  follows  that  in  the  iron  ship  the  factor  of  safety  against  bending 
is  between  5  and  G,  agreeing  exactly  with  the  best  practice  of  engi- 
neers; and  that  there  is  a  great  surplus  of  strength  against  racking. 

In  tho  wooden  ship,  tfrisitm  0  •175  ton  per  square  inch. 
'*  "  Ihruit     U-2'J3         "  " 

Here  the  factor  of  safety  is  between  10  and  15,  which  is  also  agree- 
able to  good  practice  in  carpentry.  As  for  the  racking  action,  the 
iron  diagonal  braces  required  by  Lloyd's  rules  would  be  sufficient  to 
boar  one-third  of  it  only,  leaving  the  rest  to  be  borne  by  the  friction 
and  adhesion  at  the  seams  of  the  planking. 


Consumption  of  Water. 

Prom  the  Loodon  Artizmn,  Sept„  1864. 

A  man  is  generally  supposed  to  re(juirc  about  i  gallon  of  water  per 
day  for  drinking,  cooking,  &c.,  and  about  4  gallons  more  for  washing, 
bathing,  and  other  purposes ;  a  family  of  6  heads  will  require  about 
\)  gallons  per  day.  \ii  Paris,  the  consumption  of  this  liquid  is  offi- 
cially stated  to  bo 

4^  gallons  for  every  man  per  day. 

16|  "  ''         horse     " 

9  "  for  a  two-wheeled  carriage  per  day. 

\^  "  four       " 

92  "  for  every  square  yard  of  garden  per  annum. 

6»{  "  for  a  bath  per  day. 

I  "  for  every  square  yard  of  public  road  per  day. 

The  consumption  in  Madrid,  accor<ling  to  the  report  of  the  directors 
of  the  Canal  de  Isabella  II.  Company,  is 

5J  gallons  for  every  man  per  diem. 
2U       "  "         horse 

14i       "  "         two-wheeled  carriage  per  diem. 

21^       "  *'         four  *'  " 

12         "  "         square  yard  of  garden      " 

The  following  is  the  consumption  in  gallons,  of  water,  per  day  and 
individual,  in  the  chief  towns  of  Europe  and  America : — Rome,  24.'i 
New  York,   125 ;  Marseilles,   103.J  ;   Besancon,  54 ;  Dijon,  44  ;  IJor 
ileaux,  o7i  ;  Hamburg,  28;  Genoa,  2i)^ ;  Madrid,  26;  (ilasgow,  25 
London,  24  ;  Cette,  23;  Lyons,  19;  Manchester,  18i  :  Brussels,  17i 
Monaco,  17;  Toulouse,  IGi ;  Geneva,   lt»^  ;  Narbonne,  1«»;  Philadel 
]»hia,  15i  ;  Paris,  15;  Grenoble,   14^;  Montpelier,  13:  Nantes,  lo 
Voiron,  12  ;  Clermont,  12  ;  Etlinburgh,  11  ;  Havre  10  ;  Angouleme,  9 
Liverpool,   G  ;  Meti:,  5i  ;  St.  Etienne,   5i;  Altona  5i  ;    Constantino 
}»le,  4A  ;  Rio  de  Janeiro,  2.    This  statement  only  comprises  the  quan- 
tities of  water  supplied  by  aqueducts  ;  those  yielded  by  wells  and  other 
means  are  not  easy  to  ascertain. 
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Proceedings  of  the  Stated  Monthly  Meeting,  October  20th,  1864. 

William  Sellers,  President,  in  the  chair. 

Washington  Jones,  Recording  Secretary. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Board  of  Managers  and  Standing  Committees  reported  their 
minutes. 

The  Special  Committees  on  Weights,  Measures,  and  Coins,  of  the 
United  States,  and  on  a  uniform  system  of  Screw-threads  and  Bolt- 
heads,  reported  progress. 

The  following  letter,  accompanied  by  a  box  of  shells,  from  Rear 
Admiral  Dahlgren  was  read,  and  referred  to  the  committee  on  Sci- 
ence and  the  Arts. 

Flag  Ship  Philadelphia. 

'Charleston  Roads,  Sept.  12,  1864. 
Franklin  Institute,  Philadelphia. 

I  transmit  herewith  the  shells  of  some  oysters  just  removed  from 
the  bottoms  of  iron  clads  in  this  squadron.  They  are  the  largest  found 
there  and  are  the  growth  of  about  six  months  ;  the  whole  bottom  is 
entirely  covered  with  oysters  and  grass  to  the  great  loss  of  speed  which 
is  thus  reduced  to  some  three  knots  the  hour,  and  the  rapid  growth 
renders  continued  efforts  necessary  for  its  removal.  There  is  reason 
to  believe  that  zinc  paint  will  prevent  the  formation  of  the  oyster,  but 
not  of  grass  or  barnacle.  Still  the  removal  of  even  these,  detaches 
the  paint  also,  more  or  less,  and  this  opens  the  way  for  the  oyster. 

There  is  no  obstacle  so  great  as  this,  to  the  use  of  iron  vessels,  and 
I  transmit  these  specimens,  in  the  hope  that  the  Institute  may  con- 
sider the  subject  worthy  of  its  attention. 

Very  Respectfully, 

J.  A.  Dahlgeen,  Rear  Admiral. 

Donations  to  the  Library  were  received  from  the  Society  of  Arts, 
London  ;  Matthew  B,  Jackson,  Esq.,  Sheffield,  England;  the  Natural 
History  Society  of  Montreal ;  and  the  Literary  and  Historical  Society 
of  Quebec,  Canada  ;  the  American  Institute  of  the  city  of  New  York, 
and  the  Managers  of  the  State  Lunatic  Asylum  Utica,  New  York  ;  the 
Smithsonian  Institution,  and  Frederick  Emmerick,  Washington,  D. 
C;  and  Prof.  John  F.  Frazer,  Philadelphia. 

Mr.  Nystrom  made  the  following  remarks  on  Dynamics: 
It  is  my  desire  this  evening  to  raise  a  discussion  among  the  mem- 
bers of  the  Institute,  on  a  subject  which  does  not  seem  to  be  very 
generally  understood,  namely,  on  Force,  Pou'er,  and  Vis-Viva. 

I  have  written  an  article  on  this  subject  for  the  Journal  of  the 
Franklin  Institute,  which  article  has  been  examined  and  rejected  for 
publication  by  Professor  Frazer.     I  have  been  told  by  the  Actuary 
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of  tho  Institute  that  Professor  Frazer  sayg  "there  are  so  many  errors 
in  the  artich;  that  it  i»  not  fit  for  publication." 

About  three  weeks  ago  I  had  an  interview  with  I'rofessor  Frazer, 
iliscussed  with  him  the  subject,  and  found  his  opinion  to  differ  con- 
hidcrably  from  my  own  view.-.,  us  well  as  from  tho  general  received 
opinion  amon^  philosofjhcrs  of  the  present  day. 

1  understood  I'rofi  .-.^or  Frazer  to  say  that  my  "definition  of  force 
was  wrong,"  and  lliat  "force  is  what  I  have  defined  as  power,"  or 
"pressure  multiplied  by  velocity." 

1  also  understood  Professor  Frazer  to  def»'nd  Professor  Tyndal's 
tlicory  that  luat  is  motion;  he  says  that  I  am  wrnnL'  in  my  remark  on 
the  same,  ami  that  I  do  not  undcrf^tnnd  Pr' !  ndal. 

I  have  examined  a  great  many  woiks  oi»  ..  '-■t»  l>ut  have  not 

yet  been  able  to  find  one  which  treats  it  clearly. 

Moseley's  work  on  Engineering:,  which  is  studied  at  the  Military 
Academy,  West  Point,  is  very  confused  :   it  has  one  article  on    Work, 
one  on  Sfomrnt  of  Inertia,  and  one  on  I'm-  f7e«i,  all  with 
or  application.      It  is  cruel  to  burihen  a  htu<lent  with  bu 
as  that  book  contain. 

Foot-pounds  of  work  and  foot-pounds  of  power  arc  often  confounded 
with  each  other.  In  a  late  edition  of  Adcock's  Pocket  IJ«»ok,  a  de- 
finition is  given  of  units  of  work,  after  which  the  capability  of  a  man 
working  eight  hours  per  day,  is  irivn  in  units  of  work,  baid  to  be 
copied   from   M.   Morin,  but   ti  tliat   .M  .ta  are  foot- 

pounds of  potcrr  which  Mr.  Am  misrepi'  ''.V  giving  the 

capability  of  a  man  to  he  some  4ut'U  footpounds  of  work  per  dav, 
which  is  about  two  tons  liftetl  only  one  foot  in  a  day's  work. 

A  man  loading  pig  iron   into  a  cart,  lifts  each  pit;  about  five  foot 
high,  and  may  walk  a  ^li'ut   <l!>-t,i?n  c  \\;;ii  it.  r> 
ill  a  day's  work,  which  i.s  i'[ui\  :il,i:  ;  t'>  at  1.  i.-i  »> 
work,  instead  of  4U00,  as  given  by  Mr.  Adcock. 

The  power  of  an  ordinary  man  is  about  60  pounds  raised  one  foot 
per  second,  which  will  amount  to  between  one  and  two  millions  of  foot- 
I'oiinds  of  work  in  a  day. 

One  pound  raised  one  foot  is  cnllotl  on*»  unit  of  work,  by  which  the 
labor  a  maji   is  capable   to  perform   in  a  day,  will   be  rej  :   bv 

millions.     This  unit  of  work  is  about  the  right  size  for  a  : :  ug. 

for  two  millions  of  tumble-bugs  can  dr  about  the  same  amount  of  labor 

as  one  man  in  a  unit  of  time.     That  m^ •    rison  is  t.   "     '      v[  1 

may  mention  that  the  ball  which  tlie  t  ^  rollt,  \  one 

a  <|uarter  of  an  ounce  in  this  part  of  tin    cjuuuv  ;   I 

and   in  Asia,   I    have  seen   ihcm   as    heavy  :m  one  < 

lions  of  those  balls  will  weigh  some  2.'»  tons,  liftetl  over  the  unevennesn 

(>f  the  ground,  I  would  roughly  estimate  to  some  -U  to  HO  feet  in  one 

day,  the  work  of  which  will  bo  some  1500000  foot-pounds,  or  the  same 

as  that  of  a  nmn. 

Y«»u  see  the  absurdity  of  applying  such  unit  of  work  in  practice, 
and  the  result  is,  that  it  is  I0-.1  sight  of,  and  used  only  by  Professors 
in  Colleges,  and  in  sehoull ks. 
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Here  Mr.  Nystrora  was  requested  to  give  a  definition  of  force,  and 
explain  the  difference  between  Force,  Power^  and  Work,  to  which  he 
replied,  I  am  yet  not  able  to  give  a  philosophical  definition  of  force, 
and  believe  that  that  cannot  be  done  until  the  physical  constitution  of 
heat,  electricity  and  magnetism  is  revealed,  but  I  have  given  in  the 
article  on  Physical  Work,  a  practical  definition  of  force,  which  will 
hold  good  after  a  true  philosophical  definition  is  given. 

The  whole  science  of  Dynamics,  is  contained  in  the  following 
simple  expressions. 

Elements.  Functions, 

Force      =F  Power  P=FV. 

Velocity  =  v  Space  s  =VT. 

Time       =T  Work  w  =  FVT. 

This  includes  also  all  cases  of  dynamics  by  the  force  of  gravity,  cir- 
cular motion,  and  the  whole  confusion  of  energy,  moment  of  inertia, 
vis-viva,  &c.  There  are  no  more  names  necessary  than  the  above  six, 
namely,  for  the  three  elements  and  three  functions.  It  will,  however, 
be  well  to  maintain  the  dynamical  terms  applied  to  moving  masses, 
although  they  in  reality  mean  the  same  as  the  above  terms. 

Mechanical  terms.  Terms  for  a  moving  mass. 

Force,  .  P.         .         Inertia. 

Power,         .         P  =  FV.      .         Moment  of  Inertia, 

Work,  .        W  =  FVT.     .         Energy. 

The  last  term  should  be  employed  only  for  the  change  of  motion 
of  a  moving  mass. 

F  means  the  weight  of  a  moving  mass,  which  is  denoted  by  M,  in 
the  articles  on  physical  work. 

V 

The  time         T=~,  from  the  law  of  gravitation, 

and         Work    w^ ,  energy. 

In  this  formula  it  is  supposed  that  the  weight  of  the  moving  body 
is  equal  to  its  mass,  which  will  hold  good  at  the  surface  of  the  earth, 
where  the  acceleratrix  ^=-32,166. 

The  difference  between  weight  and  mass,  is  explained  in  the  article 
on  Work. 

Force  is  recognised  by  the  following  terms : — Pressure,  action,  re- 
action, attraction,  repulsion,  compression,  tendency,  efforts,  resistance, 
gravity,  inertia,  exertion,  cohesion,  electricity,  magnetism,  strain, 
stress,  strength,  thrust,  burthen,  load,  squeeze,  pull,  push ;  all  measured 
^y  weight.  Force  has  also  been  improperly  denominated,  power,  work, 
energy,  throw,  cast,  heave,  &c.,  &c. 

Power  is  recognised  by  the  following  terms  : — Dynamic  momentum, 
moment  of  inertia,  impetus,  dynamic  effect,  momentum,  traction,  pro- 
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pulsion,  impulsion,  intensity  ;  all  mcasureil  by  fuot-pounds  of  power. 
I'ower  lia.s  been  improperly  denominated,  force,  energy,  work,  rjuantilj 
of  motion,  motion,  iiK-riia,  strength. 

Work  is  recognised  by  the  following  terms  : — Energy,  vis-viva, 
labor,  throw,  cast,  haul,  drug,  draw,  occupation,  exercise,  toiling,  lift, 
niise,  heave,  cultivate,  to  tilt ;  all  measured  by  foot-pounds  of  work. 
Work  has  been  improperly  denominated,  momentum  «>f  inertia,  [>ower, 
dynamic  momentum,  mode  of  motion,  moment  of  activity,  dynamic 
effect,  quantity  of  action,  &c.,  &c. 

MosELEY  calls  work  "moment  of  inertia,"  but  if  inertia  is  force, 
moment  of  inertia  must  evidently  be  power.  It  appears  that  it  would 
be  more  proper  to  call  power  '■'^  l'i»- Tiva,"  and  v( oik  ^^  MometU  of 
Vis-  I'iva." 

In  the  estimation  of  foot-poun<ls  of  power  I  have  made  a  deviation 
from  Watt's  rule.  The  unit  3^3000  pounds  raised  one  foot  per  minute, 
I  think  is  very  unnatural.  A  velocity  of  only  one  foot  per  minute 
cannot  be  clearly  conceived;  it  is  only  0-2  or  J  of  an  inch  per  second: 
and  on  the  other  hand,  the  weight  of  33000  pounds,  or  about  15  tons 
is  too  large,  an<l  very  few  can  form  a  clear  coneeption  of  its  magnitude. 
A  horse  cannot  lift  direct  a  weight  of  lo  tons:  the  ordinary  pull  of 
a  horse  is  iiOO  to  300  pounds,  an<l  a  horse  cart  load  is  about  one  ton. 
Therefore  it  is  my  humble  opinion  that  the  foot-pounds  of  power 
ought  to  be  brought  nearer  the  ordinary  peformancc  of  a  horse,  or 
one  pound  lifted  one  foot  per  second  as  a  footpound,  which  will  bo 
r>50  foot-pounds  per  horse  power.  A  velocity  <>f  one  foot  per  second 
is  conceivable,  and  r)oO  pounds  can  be  lifted  direct  by  a  horse.  This 
kind  of  foot-pounds  is  used  in  most  parts  of  Europe.  The  Swedish 
liorse-power  is  GOO,  the  German  TilS  foot-pounds. 

Lately  there  appeared  in  the  Journal^  a  long  article  of  inquiry  on 
the  subject  of  Force,  Powery  and  Vi$-  I'iva,  written  by  Mr.  Trautwinc, 
which  itKjuiry  has  not  been  answered.  Mr.  Trautwinc  is  familiar 
with  the  leading  scientific  works  of  the  day,  and  it  is  my  humble 
opinion  that,  if  he  does  not  understand  them,  it  is  not  his  fault.  We 
cannot  take  out  of  a  book  what  is  not  in  it. 

Not  long  ago  there  appeared  an  article  in  the  Journal,  where  foot- 
])0unds  were  misapplied,  which  error  renders  that  article  worse  than 
useless;  for  it  may  set  readers  of  the  Journal  into  confusion,  and  leail 
them  into  wrong  speculations. 

Numerous  correspondents  arc  seeking  information  on  the  subject 
through  tho  Scientific  Americany  but  do  not  obtain  satisfactory 
answers. 

It  is  not  necessary  to  dwell  any  longer  on  points  when^  the  subjoct 
is  misconceived,  for  it  is  heretofore 

My  article  on  Work  is  what  I  con 
tary  form.     Should  like  very  much  to  have  it  criticised,  improved, 
and  simplified. 
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A  Comparison  of  some  of  the  Meteorological  Phenomena  of  October,  1864,  with 
those  o/ October,  1863,  and  of  the  same  month  for  fourteen  years,  at  Philadel- 
j)hia.  Pa.  Barometer  60  feet  above  mean  tide  in  the  Delaware  Kiver.  Latitude  30° 
57^' N.;  Longitude  75°  10^'  W  from  Greenwich.  Bj  J.  A.  Kirkpatrick,  A.  M. 


October, 

October, 

October, 

1864. 

1863. 

for  14  years. 

Thermometer — Highest — degree,     . 

75-00° 

74-00° 

90-00° 

"                       "           date, 

6th. 

2d. 

4th  1858. 

"                Warmest  day — Mean, 

71-50 

67-33 

78-30 

"                      "           "        date, 

6th. 

2d. 

6th  1861. 

"                Lowest — degree, 

36-00 

32-00 

28-00 

"                       "          date, 

10th. 

26th.  &  27th. 

25th  1856. 

"                Coldest  day — Mean, 

44-83 

40-00 

35-80 

"       date,  . 

22d. 

26th. 

27th  1859. 

*'                Mean  daily  oscillation, 

13-16 

16-10 

15-57 

"                    "        "     range,    . 

4-56 

4-93 

5-43 

"                Means  at  7  a.m  , 

50-11 

49-79 

5M9 

♦'                    "            2  pm.,      . 

69.37 

61-89 

63 '03 

"                    "            9  p.m.,      . 

53-18 

54-18 

55-34 

"                    "       for  the  month, 

54-22 

55-29 

56.52 

Barometer — Highest — Inches, 

30-022  in. 

30-245  in. 

30-452  in. 

date,      .     ^  . 

3d. 

26th. 

25th  1861. 

"           Greatest  mean  daily  press. 

30-015 

30-209 

30-378 

^'                 "         date, 

3d. 

26th. 

25th  1861. 

•'           Lowest — Inches, 

29-218 

29-557 

29-012 

"                "         date. 

28th. 

2d. 

26th  1857. 

"           Least  mean  daily  press.. 

29-294 

29-637 

29-059 

"                 "         date, 

28th. 

3d. 

26th  1857. 

^'           Mean  daily  range. 

0-129 

0-108 

0-142 

"           Means  at  7  a.m., 

29-715 

29-920 

29-915 

2  P.M., 

29-674 

29-885 

29-873 

"                      "              9  P.M., 

29-726 

29-925 

29-899 

"                 "     for  the  month,   . 

29-705 

29-910 

29-896 

Force  of  Vapor— Greatest — Inches, 

0-703  in 

0-648  in. 

0-731  in. 

"            "              "            date,     . 

6th. 

2d. 

7th  1861. 

"             "          Least — Inches, 

•138 

•094 

-065 

'■'             "               "       date, 

9th. 

28th. 

21st  1859. 

"             "          Means  at  7  a.m.,    . 

-278 

■303 

•315 

2  p.m.,    . 

•285 

•306 

-345 

"            "            "            9  p.m.,    . 

•300 

-320 

-325 

"             "             "       for  the  month, 

•288 

•310 

-328 

Kelative  Humidity-^Greatest — per  ct., 

91-0  per  c, 

95-  per  c. 

97-0  per  c. 

"             "                     "             date. 

2d. 

2d. 

often. 

"            "                Least — per  ct.. 

36-0 

28-0 

23-0 

date,    . 

14th. 

28th. 

21st  1859. 

"            "                Means  at  7  A.M., 

72-7 

78-9 

78-2 

2  P.M., 

53-9 

51-5 

56-4 

"                  "                             "               9  P.M., 

70-6 

71-7 

73-3 

"             "                     "for  the  month 

65-8 

67-4 

69-3 

Clouds — Number  of  clear  days,*    . 

12 

9 

9-6 

"             "                cloudy  days,     • 

19 

22 

21-4 

"         Meansof  sky  cov'dat7  A.M., 

54-8  per  c. 

00-3  perc. 

56-6  per  c. 

"             "             "       "           2  p.m., 

64-8 

59-0 

55-6 

"             "             "       "           9  p.m., 

34-5 

40-6 

40-0 

"             "             "      for  the  month, 

51-4 

53-3 

60-8 

Kain. — Amount, 

1-729  in. 

2  663  in. 

2-854  in. 

No.  of  days  on  which  Rain  fell, 

8. 

10- 

9- 

Prevailing  Winds — Times  in  1000 

n82°34'tt-274 

^f61°23'w•153 

n73°52'w.238 

*  Skr  one-third  or  lese  covered  at  the  hours  of  observation. 
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On  Steam  Boilert.     Bj  Zerah  Colburv. 

From  till*  Ixintl.  CIt.  Kn|(.  and  Arch.  Journal,  Oct.,  ISM. 
Koad  before  Iho  Hritish  Association. 

The  rate  nt  which  heat  iniiy  he  transniittc*!  through  an  iron  boilor 
plate,  without  injury  to  itd  substance,  has  never  been  precisely  asciT- 
tained.  About  70,000  units  of  heat  per  hour,  equal  to  the  evapora- 
tion in  that  time  of  one  culoc  foot  of  water  from  tJO°,  is  believed  to  bo 
the  utmost  scjuare  foot  of  jtlate  of  ordinary  thickness.  But,  in  order 
to  approximately  apply  the  whole  heat  of  a  furnace  to  the  purposes 
of  evaporation,  a  much  larger  area  of  heating  surface,  per  unit  of  work 
done,  is  requisite.  Watt  fixed  the  proportion  of  one  square  yard  of 
lieating  surface  per  cubic  foot  of  water  evaporated  per  hour,  and  this 
has  been  sanctioned  by  modern  practice.  But  the  average  depth — 
or,  in  other  words,  the  thickness  of  the  stratum — of  water  thus  boiled 
away  is  only  l^d  in.  per  hour,  ^',th  inch  per  minute  or  j^'fln^''  "'i*^^'  P^*" 
second,  over  tlte  whole  heating  t<urface.  From  ten  to  twelve  seconds 
arc  thus  occupied  in  vaporizing  u  rcuche  of  Crater,  no  thicker  than  a 
single  leaf  of  the  paper  upon  which  books  are  commonly  printed.  If, 
in  proportion  to  the  evaporation  ;  an  insufficient  extent  of  h<  ' 
face  be  provided,  there  is  not  only  a  direct  waste  of  heat — thi  -« 

of  combustion  escaping  at  a  temperature  corri  _-.  perhaps,   to 

that  of  incandescent  iron — but  the  furnace  plat.  burnt.    Not- 

withstanding the  active  convection  of  heat  in  water,  an  intend  flam^. 
directed  against  the  sides  or  roof  of  a  boiler  furnace,  will,  in  time, 
Vol.  XLVllI.— TuiRD  Skkibb.— No.  0.— Dkcwhukr,  1^64.  ai 
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crack  or  blister  the  iron.  It  is  not  certain  that  this  result  occurs  from 
the  inability  of  the  metal  to  transmit  the  heat,  for  it  is  more  likely  that, 
under  vigorous  evaporation,  the  gravity  of  the  liquid  water  (and  it 
is  the  gravity  only  that  brings  it  to  the  heating  surfaces)  is  insuffi- 
cient to  bear  down  effectually  against  the  rising  volumes  of  steam. 
If,  by  powerful  mechanical  means,  the  water  could  be  constantly  main- 
tained in  contact  with  the  heating  surfaces,  it  is  possible  that  the  rate 
of  evaporation  upon  a  given  area  could  be  increased  without  injury  to 
the  plate.  In  the  hardening  of  anvil  faces  and  of  steel  dies,  the  re- 
quisite rapidity  of  cooling  is  obtained,  not  merely  by  immersing  in 
water,  but  by  its  forcible  descent  in  a  strong  jet  upon  the  heated  metal. 

Under  the  conditions,  however,  of  ordinary  practice,  no  restriction 
of  the  heating  surface  is  permissible.  This  surface  is  sometimes  that 
of  the  exterior  only  of  the  boiler,  but  it  is  more  usual,  and  on  most 
accounts  preferable,  to  dispose  it  internally  by  means  of  fire-boxes, 
Hues,  or  tubes.  The  external  surface  of  a  boiler  can  only  be  increased 
by  increasing  its  length  or  its  diameter,  or  by  increasing  both  of  tliese 
together.  Plain  cylindrical  boilers  90  ft.,  and  in  one  or  two  instances 
104  ft.  in  length,  have  been  employed,  but,  even  apart  from  any  con- 
sideration of  the  great  amount  of  space  which  they  occupy,  they  are 
mechanically  objectionable,  and  they  are  now  no  longer  made.  In 
increasing  the  external  surface  of  a  boiler  by  enlarging  its  diameter, 
it  is  weakened  exactly  in  proportion  to  the  increase,  the  bursting  pres- 
sure, for  a  given  thickness  of  plates,  being  inversely  as  the  diameter. 
The  danger  attending  the  presence  of  a  large  quantity  of  heated  water 
in  a  boiler  is  now  well  understood,  and  such  as  it  is,  it  increases  as 
the  square  of  the  diameter,  so  that,  in  a  boiler  of  a  given  length,  the 
elements  of  weakness  and  danger  are  collectively  related  to  the  cube 
of  the  diameter.  External  heating  surface  may  be  provided  for  in  a 
number  of  smaller  vessels,  as  in  the  retort  boilers  by  Mr.  Dunn,  but 
these  are  of  the  water-tube  family,  which,  heretofore,  has  been  found 
subject  to  choking  with  the  solid  matter  deposited  by  the  water. 

Next  are  the  boilers  with  internal  heating  surfaces.  Internal  fire 
tubes  were  in  use  in  steam  boilers  in  the  last  century,  and  they  were 
applied  within  a  cylindrical  barrel  by  the  Cornish  engineers,  among 
whom  was  Trevithick,  who  employed  both  the  straight  flue  and  the 
return  flue,  and  who  made  the  tire-place  within  the  flue.  The  Cornish 
boiler,  in  this  form,  was  improved  by  Mr,  Fairbairn  and  the  late  Mr. 
Hetherington,  who  added  another  fire  tube,  thus  making  the  two-flued 
boiler  now  so  extensively  employed  in  Lancashire.  The  two  flues, 
although  somewhat  smaller  than  the  single  flue,  afforded  a  greater  ex- 
tent of  heating  surface,  besides  securing  increased  regularity  in  firing. 
The  principle  of  subdividing  the  flame  and  heated  products  of  combus- 
tion, so  as  to  obtain  greatly  increased  heating  surface  within  a  barrel 
of  given  diameter,  was  fully  carried  out  in  the  multitubular  boiler  in- 
vented by  Neville,  of  London,  in  1826,  employed  by  Seguin,  in  France, 
in  1828,  and  subsequently  in  the  Liverpool  and  Manchester  locomo- 
tives, ffom  which  it  has  been  handed  down  to  the  present  practice  of 
engineers.    Not  since  Watt's  time,  however,  has  the  evaporative  power 
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of  a  squire  foot  of  heating  Rurface  been  increased,  the  improvenieiit 
in  the  j»lan  of  steam  boilers  bein;;  that,  chiefly,  of  inclosing  a  pre.itcr 
extent  of. surfaee  within  a  given  space.  The  heating  surface  in  the  boil«r>i 
of  the  (irt-dt  KaHtern  steanishif)  is  equal  to  the  entire  area  of  her  va-t 
main  fleck  ;  that  in  tlie  Adriatic  measures  more  than  J  of  an  acre;  while 
tlie  Warrior  and  tlie  ]ila<k  Prince  have  in  their  boilers  2o(J0  square 
yards  of  surface  of  tubes,  the  aggregate  length  of  which  is  more  than  5i 
miles.  But  it  is  only  where,  as  in  steamships  and  locomotive  engines, 
the  dimensions  and  weight  of  boilers  must  bo  the  least  possible,  that 
the  multitubular  arrangement  is  even  to  be  tolerated.  It  is  costly, 
and  subject  to  rapid  decay.  In  steamships  especially,  the  life  of  mul- 
titubular boilers  is  comparatively  short.  The  boilers  in  her  Majesty's 
vessels  of  war  arc  foutid  to  last  but  from  fire  to  seven  years ;  those 
of  the  West  Indian  Royal  Mail  ships  last,  according  t-o  Mr.  Pitcher, 
of  Northfleet,  six  years  only ;  and  those  of  the  Dover  and  Calais  packets 
taking  the  testimony  of  the  former  mail  contractor,  Mr.  Churchwanl, 
need  to  be  renewed  every  three  and  a  half  or  four  years.  On  land, 
multitubular  bi)ilers  working  under  a  constant  strain,  and  in  most 
cases,  as  constantly  concentrating  a  saturated  solution  of  sulphate  of 
lime,  are  nearly  out  of  the  question  for  the  purposes  of  manufacturie.'*, 
although  there  are  instances  of  their  employment  even  in  spinning- 
mills. 

A  boiler  rated  at  40  nominal  horse  power  will  ordinarily  evaporate 
60  cubic  feet  of  water  per  hour,  or  upwards  of  100  tons  of  water  per 
week  of  GO  hours.  And  feed  water,  containing  as  much  as  40  grains 
of  solid  matter  per  gallon,  is  often  regarded  as  very  good,  not  only 
"when  the  inorganic  impurity  consists  of  the  deliquescent  salts  of  suda, 
but  even  when  it  is  neither  more  nor  less  than  an  obdurate  carbonate 
or  suljjhate  of  lime.  Whatever  the  solid  matter  contained  in  the  water 
may  be,  it  is  never  carried  over  with  the  steam,  but  is  left  behind  in 
the  evaporating  apparatus,  and  100  tons  of  water,  fed  in  a  single  week 
to  a  boiler  in  the  manufacturing  districts  commonly  contains  a  liundred- 
weight  or  more  of  dissolved  gypsum  or  marble,  and  of  which  all  that 
is  not  held  in  solution  is  deposited  in  a  calcareous  lining  upon  the 
internal  metallic  surfaces.  This  fact  will  explain  why  not  only  water 
tube,  but  multi-firo  tube  boilers  cannot  be  economically  employed 
under  the  ordinary  circumstances  of  steam  generation.  The  considera- 
tion of  deposit  or  scaling,  as  well  as  that  of  workmanship,  impo.-se?  a 
liuiil  to  the  subdivision  of  heating  surface  amongst  a  great  number  <  f 
small  tubes.  In  ordinary  boiler  niaking  the  geometrical  advantage  <'l' 
the  sphere  cannot  be  turned  to  account.  It  cannot  be  nro»luccd  eio- 
nomically  in  plate-iron,  nor,  if  made  in  plate-iron,  could  it  be  advan- 
tageously applied  in  a  steam  boiler.  The  hollow  sphere  has  this  pro- 
]ierty,  to  wit:  with  a  given  thickness  of  metal  it  has  twice  the  strength 
of  a  hollow  cylinder  of  the  same  diameter.  This  is  upon  the  assump- 
tion (which  is  correct  where  the  cylinder  is  of  a  length  greater  than 
its  own  diameter)  that  the  ends  of  the  cylinder  offer  no  resistance  to 
a  bursting  j>ressure  exerted  against  the  circumference.  Under  over- 
pressure, a  closed  cylinder  would  take  the  shape  of  a  barrel,  and  if  of 
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homogeneous  material  and  structure  it  would  burst  at  the  middle  of 
its  length,  and  in  the  direction  of  the  circumference.  The  circum- 
ference of  a  sphere  of  a  diameter  of  1  being  always  3*14159,  the  sum 
of  the  length  of  the  two  sides  of  a  cylinder  of  the  same  diameter,  and 
having  a  plane  of  rupture  of  the  same  area,  is  1*5708,  or  exactly  half 
as  much.  And  not  only  are  the  boiler-heads  of  no  service  in  resist- 
ing the  strain  in  the  direction  of  the  circumference  of  the  cylinder, 
and  not  only  are  they  weak  in  themselves,  except  when  of  a  hemis- 
pherical form,  or  when  well  stayed,  but  furthermore,  the  whole  pres- 
sure against  them  is  exerted  to  produce  a  strain  of  the  sides  of  the 
cylinder  in  the  direction  of  its  length,  and  where  there  are  no  through 
stay-rods  between  the  opposite  heads,  this  strain  is  necessarily  equal 
to  one-half  of  that  exerted  in  the  direction  of  the  circumference. 

The  bursting  pressure  of  steam  boilers  is  commonly  calculated  from 
the  average  tensile  strength  of  wrought  iron  plates.  This  strength 
is  very  variable,  however,  and  it  would  be  more  logical  to  take  the 
minimum.  The  most  extensive  series  of  experiments  upon  the  strength 
of  iron  plates  is  that  made  by  Mr.  Kirkaldy  for  Messrs.  Napier,  of 
Glasgow.  The  number  of  samples  of  each  description  of  iron  tested  was 
not  large  yet  the  tensile  strength  ranged  between  very  wide  limits. 
That  of  Yorkshire  iron  varied  between  62,544  lbs  per  square  inch  and 
40,541  ibs,  both  specimens  being  from  the  same  makers.  Staffordshire 
plates  varied  between  60,985  lbs,  and  35,007  lbs,  and  Lanarkshire 
plates  between  57,659  lbs  and  32,450  lbs.  The  conclusion  cannot  be 
resisted  that  engineers  are  frequently  dealing  with  boiler  plates  of  a 
tensile  strength  not  greater  than  from  16  tons  to  18  tons  per  square 
inch,  notAvithstanding  that  the  average  strength  may  be  22  tons,  and 
the  maximum  27  tons.  And  the  loss  of  this  strength  in  punching 
the  rivet  holes  is  not  merely  that  of  the  iron  cut  out,  but  the  punch 
is  found  to  sensibly  injure  that  which  remains.  Mr.  Fairbairn's  well 
known  and  frequently  verified  ratio  of  56  to  100,  as  the  strength  of  a 
single  riveted  joint  to  that  of  the  unpunched  plate,  must  be  always  ad- 
mitted in  calculations  of  the  strength  of  riveted  boilers.  The  40-horse 
Lancashire  boiler,  7  ft.  in  diameter,  will  thus  be  often  found  to  have  an 
ultimate  strength  not  greater,  when  new,  than  that  corresponding  to 
a  pressure  of  from  210  lbs  to  235  lbs  per  square  inch.  This,  however, 
is  without  taking  account  of  the  strain  exerted  longitudinally  upon 
the  shell  of  the  boiler  by  the  pressure  on  the  ends,  and  it  is  upon  the 
assumption,  which  is  hardly  tenable,  that  the  boiler  heads,  and  espe- 
cially the  flues,  are  of  the  same  strength  as  the  cylindrical  body  or 
shell.  AVithout  the  angle  iron  strengthening  recommended  by  Mr. 
Tairbairn,  the  collapsing  pressure  of  the  flues  of  large  boilers  was 
found,  in  that  gentleman's  experiments,  to  be  sometimes  as  little  as 
87  lbs  per  square  inch.  The  strain  resulting  from  the  circumferen- 
tial and  longitudinal  components,  in  the  outer  shell,  is  one-eighth 
greater  than  that  calculable  for  the  circumference  alone,  so  that,  even 
if  the  heads  and  flues  were  stayed  to  the  strength  of  the  shell,  this 
would  correspond  to  a  pressure  of  but  from  190  lbs  to  210  lbs  instead 
of  210  ibs  to  225  ibs,  as  just  supposed.     But  these  estimates  are  for 
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the  strength  of  the  boiler  when  new.  In  the  experience  of  the  officers  of 
the  Mancliestcr  Boiler  Association,  vriih  from  1300  to  I'lOO  boilers 
always  umler  their  care,  one  boiler  out  of  every  seven,  and,  in  some 
years,  as  in  1862,  nearly  one  of  every  four,  became  defective  by  cor- 
rosion alone,  while  of  every  ei{»ht  boilers  examined  in  the  course  of  si 
year,  seven  are  found  to  be  defective  in  some  respects.  Thus,  in  180*J, 
with  l;i7«»  hoilers  under  inspection,  85  positively  dangerous,  and  'Jbl 
objectionable  defects,  were  discovered,  37  dangerous  and  liTO  objec- 
tionable cases  of  corrosion  alone  having  been  reported.  As  a  boiler 
malady,  corrosion  corresponds  in  its  comparative  frequency  and  fatali- 
ty to  thegreat  destroyer  of  human  life — consumption.  It  is  the  one  great 
disease.     It   is  frc<|uently  internal  in  conserjuence  of  the  [t  f 

acid  in  the  water;  but  it  is  still  oftcner  external,  and  it  is  lu  - 

ous  and  certain  wherever  there  is  the  least  leakage  of  steam  into  the 
brick-work  setting.  Condensed  steam,  or  distilled  water  is  an  active  sol- 
vent of  iron,  ns  well  as  of  lead;  and  peaty  water,  which,  so  far  as 
inoryanii'  matter  is  concerned,  is  very  pure,  and  distilled  water  from 
Hurface  condensers,  and  indeed  any  water  that  is  (juite  soft,  is  known 
to  eat  rapidly  into  the  substance  of  tlie  boiler  in  MJiich  it  is  used.  \ 
trickling,  however  slight,  of  condensed  steam,  down  the  outside  <»f  .» 
boiler,  will  infallibly  cause  corrosion,  and  to  this  was  directly  traced 
a  lar^rf  number  of  the  forty-seven  boiler  explosions  which  occurred  in 
the  United  Kingdom,  in  1803,  and  which  were  attended  with  the  lo^s 
of  seventy-six  lives,  besides  injuries  more  or  less  serious  to  eighty  i'^  i  - 
sons. 

Corrosion  is  most  rapid  where  the  iron  is  comparatively  pure,  as  in 
the  beet  Yorkshire  and  Staffordshire  jjlates.  The  presence,  however, 
of  a  small  proportion  of  carl)on,  as  in  steel,  or  especially  of  silica  and 
carbon,  as  in  cast  iron,  renders  it  nearly  indestructible.  The  e\ 
once  even  with  cooking  utensils  demonstrates  this,  but  it  is  more  - 
factory  to  observe  the  fact  in  engineering  operations  on  the  great  scale. 
AVhen  Nelson  first  introduced  the  hot  blast,  he  employed  wrought  in-n 
heating  stoves,  and  although  oidy  800°  Fahr.  was  at  first  fixed  upoi. 
for  the  temperature  of  the  blast,  the  stoves  were  rapidly  destroye<l. 
It  need  hanily  be  mentioned  that  a  >%rouglit  iron  gas  retort  would  be 
worthless,  where  cast  iron  answers  well,  being  inferior  only  to  fire-clay. 
It  is  the  same  with  forge  tuyeres,  cast  iron  lasting  indefinitely.  Since 
superheated  steam  began  to  be  generally  employed,  much  difficulty 
has  been  experienced  from  the  ra|»id  corrosion  of  the  superheatrr>. 
The  Peninsular  and  Oriental  Comjiany's  engineers  have  been  comjielle  I 
to  ailopt  eopper,  instead  of  plate  iron,  heating  surfaces  for  this  purpose. 
Messrs.  Uichardson  and  Sons,  of  Hartlepool,  have  on  the  other  hand 
adopted  cast  iron,  and  their  superheaters  of  this  material  show  no  ci>r- 
rosion  whatever  after  four  years  u«e.  The  sulphurous  fumes  from 
locotJiotive  engines  rapidly  corrode  the  plate  iron  station  roofs,  while 
the  cast  iron  girders  and  cornices  remain  uiiaffeetcd.  Cast  iron 
bridges  are  indestructible  by  rusting,  while  large  quantities  of  iron 
Scales  are  being  removed  from  wrought  iron  bridges,  including  the  Con- 
way and  Britanuiv^  tubes.     From  abundant  experience  with  cast  iron 
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steam  boilers  and  the  tubes  of  cast  iron  heating  apparatus,  it  may  be 
taken  as  settled  that,  where  the  thickness  is  moderate,  cast  iron  may 
be  thus  employed  without  the  possibility  of  corrosion. 

The  tensile  strength  of  cast  iron  varies  between  5  tons  and  15  tons 
per  square  inch.  Considered  as  a  material  for  boilers  only  the  mini- 
mum strength  should  be  regarded,  exactly  as  from  16  tons  to  18  tons 
has  been  taken  for  wrought  iron  plates.  Cast  iron  boilers  8  feet  in 
diameter,  and  of  great  length,  were  at  one  time  made,  but  these  were 
manifestly  objectionable.  The  spherical  form,  of  moderate  diameter, 
is  preferable,  and  whatever  is  the  bursting  strength  of  a  riveted 
wrought  iron  cylinder,  that  of  a  cast  iron  sphere  of  the  same  diameter 
and  the  same  thickness  of  metal  will  be  the  same.  The  plate  iron  of 
a  strength  of  18  tons  per  square  inch,  is  virtually  weakened  to  10  tons 
by  the  loss  in  riveting,  and  as  the  hollow  sphere  is  twice  stronger  than 
the  hollow  cylinder  of  the  same  diameter  and  thickness,  the  cast  iron. 
Laving  no  joints,  becomes  equal  in  this  comparison,  to  the  wrought 
plate.  If  we  could  always  count  upon  the  maximum  strength  of  iron, 
to  wit,  27  tons  per  square  inch  for  wrought,  and  15  tons  for  cast,  a 
14-foot  cast  iron  sphere  would  have  the  same  strength  to  resist  burst- 
ing as  the  7-foot  cylinder  of  the  Lancashire  40-horse  boiler,  supposing 
the  same  thickness  of  metal  in  each  case.  But  there  is  no  occasion 
to  make  a  boiler  a  single  large  sphere,  for  it  is  now  ascertained  from 
extensive  experience  that  hollow  cast  iron  spheres  of  small  diameter 
do  not  retain  the  solid  matter  deposited  by  the  water.  Small  water 
tubes,  and,  indeed,  all  small  water  spaces  in  ordinary  boilers,  always 
choke  with  deposit  when  the  feed  water  contains  lime,  but  cast  iron 
boiler  spheres  although  they  may  be  temporarily  coated  internally  with 
scale,  are  found  to  part  with  this  whenever  they  are  emptied  of  water. 
This  fact  is  the  most  striking  discovery  that  has  been  made  in  boiler 
engineering.  It  removes  the  fatal  defect  of  small  subdivided  water 
spaces,  which  can  now  be  employed  with  the  certainty  of  their  remain- 
ing constantly  clear  of  deposit.  This  discovery  has  been  made  in  the 
use  of  the  cast  iron  boiler  invented  by  Mr.  Harrison,  of  Philadelphia, 
U.  S.,  and  which  is  now  working  in  several  of  the  Midland  and  Nor- 
thern counties.  Mr.  Harrison  employs  any  required  number  of  cast 
iron  hollow  spheres,  8  inches  in  external  diameter,  and  f-inch  thick, 
these  communicating  with  each  other  through  open  necks,  and  being 
held  together  by  internal  tie-bolts.  A  number  of  these  spheres  are 
arranged  in  the  form  of  a  rectangular  slab,  and  several  of  these  slabs,  set 
side  by  side  and  connected  together,  form  the  boiler,  about  two-thirds  of 
the  whole  number  of  spheres  being  filled  with  water,  while  the  remain- 
der serve  as  steam  room.  The  bursting  strength  of  these  spheres  cor- 
responds to  a  pressure  of  upwards  of  150.0  fbs  per  square  inch,  ag 
verified  by  repeated  experiment,  being,  therefore,  from  six  to  seven 
times  greater  than  that  of  the  ordinary  Lancashire  boilers  of  large 
size.  The  evaporative  power,  as  in  all  other  boilers,  depends  upon 
the  extent  and  ratio  of  the  grate  area  and  heating  surface,  but  in 
practice  from  7J  lbs  to  8  fi)s  of  water  are  evaporated  per  pound  of 
coal  in  a  cast  iron  boiler,  which,  for  each  ton  of  its  own  weight,  sup- 
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plies  steam  equal  to  10  indicated  horse  power.  The  joints  between 
the  spheres  are  made  by  special  machinery,  securing  the  utmost  accu- 
racy of  fitting,  and  there  is  no  leakage,  either  of  water  or  steam.  The 
spheres  occupied  as  steam  space  are  screened  by  fire-bricks  from  tiie 
direct  action  of  the  heat,  but  enough  is  allowed  to  reach  them  to  se- 
cure complete  drying,  and,  if  desired,  any  degree  of  superheating  of 
the  steam.  The  slabs,  into  Avhich  each  scries  of  spheres  is  assembled, 
are  placed  in  an  inclined  position,  which  secures  the  thorough  circula- 
tion of  the  water.  The  whole  quantity  of  water  carried  in  a  40-hor8e 
boiler  is  3  tonn,  the  boiler  weighing  13  tons,  and  presenting  1000 
square  feet  of  water  heating,  and  500  square  feet  of  steam  drying 
surface.  In  Manchester,  with  the  feed  water  taken  from  the  Irwell, 
or  from  the  canal,  a  hard  scale  is  soon  formed  in  the  ordinary  boilers; 
but  in  the  cast  iron  boiler  a  succession  of  thin  scales  of  extreme  hard- 
ness are  found  to  form  upon,  and  to  become  detached  of  themselves 
from  the  inner  surfaces  of  the  water  spheres.  These  scales  are  blown 
out  with  the  water  at  the  end  of  the  week,  and  only  small  ([uuntities 
can  be  discovered  when  purposely  sought  for.  A  specimen  of  tliese, 
slightly  cohered  together  into  a  friable  mass,  is  exhibited.  A  pint  of 
loose  scales  and  dirt  is  the  most  that  has  yet  been  found  on  a  careful 
internal  examination  after  nine  months  daily  work.  None  of  the  iron 
is  removed  with  the  scale  ;  the  weight  of  the  spheres,  after  three  years 
service,  being  the  same  as  when  new.  In  America,  Mr.  Harrison's 
cast  iron  boiler  has  been  worked  for  six  years.  Messrs.  Denton,  che- 
mists, of  Bow-common,  London,  have  had  one  in  use  for  three  years, 
and  for  the  last  two  years  the  same  description  of  boilers  have  beea 
employed  at  Messrs.  Iletherington's  and  other  largo  works  in  Man- 
chester. It  should  be  added  that  the  system  of  casting  the  spheres 
is  such  that  their  thickness  is  necessarily  the  same  at  all  points. 

The  self-scaling  action,  which  has  been  found  to  be  the  same  in  all 
cases  where  the  boiler  has  been  worked,  can  only  bo  explained  by  con- 
jectures, which  it  is  not,  perhaps,  necessary  to  introduce  into  the  pre- 
sent paper.  It  deserves  the  careful  investigation  of  the  chemist  and 
mechanical  philosopher,  with  whom  the  author  prefers  to  leave  the 
subject. 


I 
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From  th«  Lond.  Civil  Kng.  and  Arch.  Jour.,  Ancnat,  IBM. 

The  following  is  extracted  from  the  report  of  the  committee  ap- 
pointed by  the  council  of  the  Royal  Institute  of  British  Architects, 
-d  March,  lbG3,  for  the  purpose  of  making  experiments  on  artificial 
stone. 

This  Committee  met  on  the  11th  of  March,  1863,  and  at  once  issued 
notices,  and  advertised  in  the  public  journals,  that  it  was  desirous  of 
receiving  prospectuses  or  other  information  connected  with  the  manu- 
facture of  Artificial  Stone;  uud  resolved — 

That  paoh  patonleo  l.o  inlormed  lliut  this  CommitK^  propoeca  to  report  merely 
OQ  the  actual  facts  which  mty  ajipcar  ia  the  invcstigatiuii ; 
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That,  so  far  as  possible,  the  various  materials  used  in  the  investigations  be  sup- 
plied under  the  immediate  supervision  of  this  Committee; 

That  Mr.  C.  H.  Smith,  Honorary  Member,  be  added  to  this  Committee  ; 

That  some  eminent  Chemist  be  associated  with  this  Committee,  in  order  to  assist 
it  in  the  investigation  of  the  processes  [Mr.  Alfred  White  was  thereon  added]; 
and 

That  each  patentee  be  requested  to  inform  this  Committee  of  the  proceedings  he 
would  propose  to  adopt  with  regard  to  the  investigation  of  his  process. 

It  received  responses  from  Messrs.  Coignet,  Ransome,  Bodmer,* 
and  Wheeble.f 

Mr.  Charles  M.  Westmacott  put  forward  his  patent  cement  and 
plaster ;  and  thej,  although  perhaps  bejond  the  scope  of  the  Com- 
mittee, were  received  by  it,  on  account  of  the  interest  that  had  been 
shown  in  the  patent  at  the  meeting  of  the  Institute  on  the  23d  of 
February,  1863. 

The  Committee  met  eleven  times  at  Mr.  Dines's,  Grosvenor-road, 
twice  at  Mr.  Tracey's,  and  once  at  Mr.  Ransorae's,  in  Cannon-row, 
exclusive  of  a  visit  to  his  works  at  Ipswich  on  the  15th  of  December 
last. 

On  the  first  meeting  at  Mr.  Dines's,  the  Committee  met  Mons. 
Coignet  for  two  successive  days,  (7th  and  8th  of  April,  1863,)  who 
prepared  before  it  various  blocks  of  his  patent  beton,  which  were 
experimented  upon  at  future  meetings.  The  Committee  having  had 
regard  to  the  state  of  materials  after  exposure  to  atmospheric  in- 
fluences, and  the  reverse,  the  results  in  these  as  in  all  its  other  ex- 
periments may  be  taken  as  certified  by  the  extreme  care  that  it  has 
taken,  and  are  herewith  appended  in  tabular  forms. 

The  Committee  met  in  Cannon-row  on  the  15th  of  May,  1863,  and 
Mr.  Ransome  thoroughly  explained,  in  the  most  open  and  satisfac- 
tory manner,  his  process ;  but  as  he  stated  that  he  could  not,  on  so 
small  a  scale  of  manufacture,  and  without  machinery,  provide  fair 
samples,  it  permitted  him  to  prepare  (from  moulds  supplied)  samples 
at  his  works  at  Ipswich,  and  to  forward  them  to  London,  guaranteed 
by  him,  to  be  experimented  upon  before  it.  The  Committee,  hoAvever, 
not  being  satisfied  with  the  results,  thought  it  advisable  to  see  samples 
made,  and  intimated  its  wish  to  Mr.  Ransome,  who  most  liberally  re- 
ceived it  at  Ipswich  on  the  15th  of  December  last,  and  exhibited  his 
mode  of  manufacture  on  a  large  scale.  Specimens  from  the  moulds 
supplied  by  the  Committee  were  made  before  it,  which  were  tested  in 
like  manner. 

The  Committee  deemed  it  advisable,  for  the  better  understanding 
of  the  results  obtained,  to  institute  experiments  upon  other  materials 
as  a  means  of  comparison,  the  results  of  which  are  appended  in  Tables 
D,  E,  and  F ;  and  it  would  particularly  direct  attention  to  Table  D, 
showing  a  series  of  experiments  suggested  by  Mr.  John  W.  Papworth, 
on  cubes  of  Portland  stone,  2",  4",  and  6"  in  height,  by  their  respec- 
tive beds,  cut  from  a  carefully  selected  block  2'  cube.  The  deduc- 
tions to  be  drawn  from  this  table  appear  to  be,  that  the  results  obtained 
*  Patent  Stoce  Bricks.  f  Eeading  Abbey  Stone. 
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from  crushing  smjill  cubes  of  2"  and  uii'ler  on  the  side,  as  usually 
given  in  accepted  table-*,  tnu-it  be  received  with  considerable  caution, 
inasmuch  as  while  '1"  IVisinn  '1"  X'l"  b')re  1  o  of  a  ton  put  on  the 
square  inch,  and  2"  PriHms  4"  X  4'  ,  an.l  2"  Prions  G"  X  6",  nearly 
2-.0  tons,  yet  G"  Prisms  G"  X  G"  and  4"  Prisms  4"  X  4",  only  bore 
1-9  of  a  ton  on  the  stpMre  inch,  showing  that  the  strength  certainly 
increased  witli  the  size  of  the  an' i,  but  apparently  not  in  any  definite 

Proportion  ;  while  it  was  observed  in  these  experiments  that  the  height 
ad  considerable' influence  upon  the  ultimate  resistance,  a  result  not 
expected,  and  in  contradiction  of  the  usual  neglect  of  the  height, 
until  that  element  exceeds  six  times  the  diameter. 

From  Table  F,  it  Mp[)i-ars  that  the  cohesive  power  of  cements  may 
be  classeil  in  the  following  order  : — Martin's,  Portlatnl,  and  Uoinan  ; 
but  it  must  be  borne  in  mind  that  none  of  these  had  been  exposed  to 
atmospheric  influences ;  yet  the  very  remarkable  differences  without 
any  a[)preciable  cause  in  the  results  of  the  various  experiments  shows 
that  tlie  strength  of  cements  is  a  subject  upon  which  no  satisfactory 
theory  has  yet  been  definitely  propounded. 

The  Committee  trusts  that  the  time  required  for  preparing  and 
testing,  at  given  intervals,  so  many  and  various  materials,  will  bo 
sufllicient  reason  for  not  laying  the  Ileport  earlier  before  you  ;  and  it 
will  bo'  seen  from  the  extreme  variation  in  the  results  given  by  the 
experiments,  that  the  Committee  is  justified  in  repeating  the  expcricnco 
of  all  zealous  investigators — viz:  that,  without  regard  to  the  well- 
known  inapplicability  of  general  formulas  to  particular  works,  the 
council  must  not  be  surprised  at  finding  that  the  Committee  will  not 
draw  peremptory  deductions  from  even  the  experiments  made,  con- 
sidering that  the  least  number,  to  arrive  at  anything  like  a  perfect 
conclusion,  should  be  more  than  twenty  of  each  size  of  every  material: 
the  Committee  felt  that  it  ha<l  no  right  to  exact  so  much  time  and 
expense  as  thereby  wouM  be  re<juired  from  the  professional  gentlemen 
of  your  Committee,  or  from  Mr.  Dines,  who  personally  superintended 
the  details  of  each  experiment ;  and,  moreover,  it  had  no  funds  placed 
in  its  hands  by  the  Council  for  that  purpose. 

The  Committee  feels  anxious  to  express  its  sense  of  the  liberal  and 
zealous  manner  in  which  Mr.  Dines  put  the  resources  of  his  establish- 
ment, and  his  own  time  at  its  disposal,  furnished  the  samples  and 
materials  from  which  most  of  these  experiments  were  made,  and  sug- 
gested the  form  which  it  believes  to  be  quite  novel  of  moulds  for  those 
to  prove  by  tensile  strength  the  cohesive  power.  The  Committee  other- 
vise  could  not  possibly  liave  carried  out  the  experiments  to  the  extent 
which,  however  incomplete,  has  furnisheil,  it  believes,  as  far  as  they 
go,  a  very  trustworthy  parallel  of  the  strength  of  materials,  deduced 
from  specimens  of  a  larger  size — viz:  4"  cubes — than  has  generally 
been  adopted. 
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Table  showing  Strength  under  Pressure  of  different  Materials. 


4-IXCH    CUBES. 


Materials. 

Cracked. 

Crushed. 

on  sq. inch. 

Remarks. 

STONE. 

Portland. 

Tons. 

Tons. 

Tons. 

Brown  Top  Bed. 

.  . 

26-7 

1-66 

1  ^  went  at  once  : 

<(              <> 

19-8 

23  0 

1-43 

r  at  L  to  bed. 

«                   a 

17-8 

190 

1-18 

~  at  l_  to  bed. 

t(                   (( 

16  7 

17-5 

1-09 

>  " 

<i                   « 

14-1 

162 

1-12 

'  g^at  L  to  bed. 

((                   <i 

.  , 

158 

0-99 

~  went   at  once  shelly. 

<(                   (1 

7  5 

12-2 

076 

>  split  both  horz.  &  perp 

"                   " 

10-6 

11-5 

0-70 

J    " 

Base  or  Best  Bed. 

32-6 

36-2 

2-25 

1  5  split  horizontally. 

>i             It 

13-.5 

28-0 

1  75 

^ 

<(             <i 

264 

27  0 

1-68 

^ 

<<             <( 

18-0 

20  r 

1-25 

y     on  bed. 

u                    « 

16-4 

16-5 

1-31 

be         " 

«           « 

11-4 

14-4 

0-90 

S  L  to  bed. 

l(                 ■( 

13-3 

13-4 

0-S3 

J   1          " 

Mansfield. 

KcJ       •  • 

39-0  a 

40-1 

2-5 

a  at  28  0 

"          •  •         •  • 

49-7 

68-8 

4  3 

scaled  off  in  small  pieces, 
both  very  fetid. 

White     •  • 

21-5 

3G-4 

2^27 

scaled  at  21^5 

" 

120 

24-0 

1^5 

Forest  of  Dean. 

White     •  • 

17-5  t 

47-8 

2-98 

t  slight  crack  external  only 

ii 

430 

450* 

2-81 

*  not  considered  very  best. 

i<          .  .         .  . 

30-0 

400 

2  5 

all  broke  suddenly  like  iron 

<i          .  .         .  . 

380 

39-4 

2-46 

Bath. 

Corsham             •  • 

8  0 

8-84 

•55 

..                    .  . 

.  . 

83 

•51 

crushed  suddenly. 

"                    •  • 

7-5 

8-1 

'51 

Box  Best  Bed, 

5  4 

•32 

"  Ground,  " 

,  . 

8-6 

•53 

^ 

ti         «        <i  .  . 

57 

5-85 

•36 

>  broke  at  once  into  4  cones 

<i         ((        <(  .  . 

8  2 

4-35 
154 

•32 
•93 

Caen. 

•  • 

7-5 

12-7 

•79 

Gypsum. 

Derbysh.  Alabaster, 

10-9 

110 

1 

1 

:72 

Marble. 

Cornwall  Serpentine 

1 

'*  Poltesco  Green 

i       250 

52  0 

•   • 

at  15^4  slightly,  at  40^  go- 
ing fast,  smashed. 

"  Signal  Staff    ) 

1        100 

510 

3-2 

smashed. 

"     BIk.  &Kd.    i 

«         .(          .< 

1        1050 

37-75 

2  35 
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Table  Continued. — 4-i5C«  cubes. 
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1                  -LC                                              1 
MATBKIAL8.               1 

Cracked.    | 

Crushed. 

1 
on  »q.  inch.                 Kemahk''. 

1 

1                     SLATE. 

Tons, 

Tons. 

Tons. 

' Sorth   Wales, 

Muchynllctli       .  . 

,     , 

8.3-5  a 

521 

"1    C  a  at  71  splinter  flew  oflf 

Bangor  (Pcnrybn^ 

,     , 

80  0  6 

50 

\  bno  effect,  neither  h\ 

Portmadoc — 

j     Welsh  8latc  Com. 

20-6 

7.V3 

4-70 

!     FcKtiniog    ditto. 

20  0 

705 

4-40 

630 

3  93 

C 

MactiofTern 

23-6 

65-4 

408 

•  ? 

Pen-.Maclino,  Conway, 

^     , 

488 

305         '  )-%^ 

Uinorwic,  LllanberU 

4 'JO 

3  06 

a 

Corn  wall. 

i 

1      Delabolo 

1 

620 

Gl.G 

3  85         ' 

broke  at   L  ^o  ^<^* 

Ireland. 

'      Valencia. 

57-3 

3-58 

1 

1 

WOOD. 

Teak,,Moulinrin    •  • 

50-8 

317 

crushed  endways. 

Deal,  Archangel    •   • 

28-8 

111         1 

"       fibres  torn  apart. 

CONCHETB. 

i      1  Lime  :<  Ballast 

51 

•31 

) 

1      1  Slk.  Lime  3  ballast 

i 

52 

11-85 

4*95 

;        -32 

•92         1 
•80 

'■  3  weeks  old. 

22  hours  old. 

23  boars  uiU. 

martin's  CBMEyT. 

PLASTER,  Common. 

B-IMCH  BRICKS. 


Materials. 

Cracked. 

Crushed. 

on  sq.  inch 

Remarks. 

Ton*. 

Tons. 

Tons. 

Common  Stocks  •  • 

300 
180 
)20 

•7407 
•4433 
•2962 

"        ground  sides 

22-5 

268 
31  5 

•6616 
•7777 

Durham  Brick       •  • 

59-8 

73-6 

1-817 

.. 

.  . 

800a 

1  985 

a  Not  CTUshed. 



•  • 

62-06 

1-340 

b  Cracked  slightly,  not 
crushed. 

IPlacc,  bad 

8-4 

90 

•2223 

8U 

107 

•2641 

|Gritile 

! 

140 

•3456 
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Materials. 

Cracked. 

Crushed. 

on  sq.  inch. 

Remarks. 

Stocks. 

2  joined  in  Mortar 

50 

8-7 

•1071 

t    "         *'     in  Cement 

7-0* 

15-35» 

•1896 

~1  •Small  pieces  flew  off  at 
1       intervals,  but  cement 

Place. 

[      stood. 

2  joined  in  Mortar 
t    "          "     in  Cemeni 

•  • 

5-3 
9-4 

•0641 
•1160 

fAbout  14  days  old. 

Shafts,  12  ir 

ches  long,  3  inches  diameter. 

Materials. 

Cracked. 

Crushed. 

on  sq.  inch. 

Remarks. 

STONE. 

Tons. 

Tons. 

Tons. 

All  yielded  vertically. 

Portland,  worked  •  • 

7-3 

10-25 

1-48 

bedded  in  leather. 

"       rgh.  tooled 

8-57 

100 

"       in  plaster. 

Marbles  (Devonshire.) 

[pppleen,  Mottled   red, 

9-2 

10-7 

1-37 

Poltesco,  grey-green, 

4-3 

4-3 

-60 

went  across  and  not  with 

.1                                     4i 

.  , 

60 

•84 

went  at  once.            [vein 

Signal-Staff,  red  &  blk, 

.  . 

33^5 

4-73 

went  in  fragments. 

i«               •< 

20  0 

22-5 

3  18 

11                 <> 

«                ii 

12-75 

16^25 

2-29 

Cadgewith,  grn.  &  blk 

16-92 

17-62 

2-49 

■WOOD. 

Deal,  Archangel    •  • 

.  , 

19-la 

2-70 

a  lost  3-16thsin  length: 

6"of  above  sawn  off  left 

193 

2-73 

point  of  yielding  5-12ths: 

Deal,  Archangel    •  • 

16-3a 

2-30 

of  length  in  both. 

6"of  above  sawn  off  left 

19-4 

2-74 

Teak,  Moulmein  •  • 

18  256 

2  53 

b  lost  l-8lh  and  point  of 

6"ofabove  sawn  off  left 

18-7 

2-64 

yielding  about  same.  | 

Teak,  Moulmein  •  • 

16-06 

2  26 

! 

6"of  above  sawn  off  left 

17^75 

2-50 

1 

The  Committee  then  proceed  to  state,  that  having  regard  to  the 
diflBculty  of  drawing  inferences  from  a  long  series  of  tables,  and  the 
desirability  of  general  statements  of  results,  they  have,  at  considerable 
labor  to  themselves,  prepared  such  statements.  Of  these  the  follow- 
ing are  the  chief: — 

Mons.  Coignet's  process  is  admitted  to  be  highly  successful  on  a 
large  scale  in  Paris ;  but  the  majority  of  the  cubes  prepared  by  him 
do  not  appear  to  be  much  stronger  under  pressure  than  ordinary  con- 
crete, and  inferior  to  Bath  stone,  although,  they  improve  by  age ;  and 
this  weakness  is  impugned  by  him  as  a  result  on  the  ground  that  the 
samples  were  made  out  of  his  factory,  and  that  he  had  not  all  the 
appliances  requisite  at  command.  A  step-landing,  and  bas-relief, 
made,  in  April,  1863,  from  the  sweepings  of  refuse  used  for  making 
blocks  for  experiments,  are  still  at  Mr.  Dines's,  and  having  been  ex- 
posed to  the  weather,  as  well  as  to  wear  and  tear,  appear  to  stand  as 
well  as  Portland  cement. 
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Mr.  Ransome'fl  process,  the  Committee  state*,  appears  to  be  foan'le'i 
on  scientific   principles,  nnd   thcorcli<r\llv   ouirtit  ti  answer.      It  •• 
however,  found  that  there  must  be  some  <liftii.ult y  in  iti-urinf»  t!;< 
plete  combination  of  the  ingredients,  and  that  few  of  the   ^ 
especially  prepared  for  the  Committee  were  th   ■     ■-''••  -•: 
that  respect,  and  but  few  of  those  made  in  it*  i 
important  clifTeririre   Ixtwct n    •  " 

that    Mr.    IlrinsoiiM'    is  in-t    .it 

sticccssful  on  a  largo  scale,  but  represents  that   he  haa  not  yet  <    • 
pitted  the  ajtpliances  to  |jut  it  into  operation.     In  some  of  his  ppcc;- 
mens   there  appears  an  improvement  as  they  advance  in  ajfe  ;  but  so 
irregular  is    this   that  no  rel;  '        '        '  ..    .  /• 

IJut  it  wouM  geem  that,  if  th* 

nlliinate  strength  is  attained  in  a  >ii'>ri  }><-ri<>4,  ati-i 
inllnences  of  weather  had  little  effect  upon  them  in  i  , 

Committee  feels  that  if  Mr.  Kansome  can  insure  the  perfection  of  his 
entire  proces?,  restrict  himself  to  the  production  of  work  for  each  oc- 
casion, as  it  may  arise,  and  (for  the  sake  of  artistic  excellence 't  avoid 
becoming  a   manufacturer  of  <  m  a  cert  ■ 

it  is  possible  thai   for   extern  i.  itive  put^ 

field  open  to  him  ;  but  they  are  of  opinion  that,  as  yet,  Mr.  Kansome 
has  not  rendered  his  material  suitable  for  the  chisel  of  the  carver  or 
the  tcxd  of  the  inoileler. 

Mr.  Wheeble(I{eading  Abbey  r  ,.    ,  .       . 

made  at  Heading,  from  the  works  : 

have  an  ultimate  strength,  npparenlly  produced  l»y  the  ufe  ot  - 
from  Bri«lgcwater, e<jual  to  that  of  common  stocks;  the  latter  .. 
possess  the  advantage  of  not  yielding  until  the  instant  of  disintegration. 
The  4"  cubes  made  in  moulds  supplieil  by  the  Committee,  and  in  it« 
presence,  never  attained   the   strength   nf  mnerete  except  in  a  cas« 
where  large  gravel  or  flint  w:> 

Messrs.  Ilodmer  (I'atent  C<  -  ■*)  expressed  their 

inability  to  comply  with  the  requisitions  of  the  Committee  a^  to  4" 
cubes,  as  the  moulds  of  their  press  were  of  ordinary  brick  sixe ;  and 
if  their  material  were  pressed  by  manual  labor  into  4"  cube  moulds  it 
would  not  represent  the  artificial  stone  wl  \\    ■ 

of  producing.     The  Committee  ace*  pti  1  ...  I 

from  their  works,  which  show  a  steady  |  vo  increase  in  stren^tii 

as  they  advance   in  age;  and  the  resu.:  .:y  the  statement   made 

by  Messrs.  IJodmer,  that  after  six  weeks  to  two  oionths  the  bricks  arc 
fit  for  use.     The  Committee  regrets  t'  *"  '   '         ''Mr. 

Charles   Westraacott   to  put  himself  -  with 

persons  having  at  their  disp(>>al  t 

retjuired  for  the  disphiy  of  the  iju.i  ^  .  v 

depend  upon  the  mixture  of  natural   materials  before  adding  water. 

The  Committee  has  been  able,  however  to  test  one  or  two  exp  - '  •. 

which  result  in  givini;  it  a  favorable  opinion  of  the  system  a  . 

him  both  for  -   and   fci 

tcrnally.     'i  i  >  still  be  -  » 

Vol.  XLVIII.— TuirdSkkiks.— ^o. 6.— Dkckmbsb,  IMH.  S3 


374 


Civil  Engineering. 


exposed  tbrougli  last  autumn  and  winter.  The  quick  stucco,  for 
rendering  ceilings,  was  tried  in  the  month  of  May,  1863,  consisting  of 
unslacked  lime,  chalk,  and  sand,  mixed  pure,  before  adding  water ;  it 
occupied  in  making  and  setting  twenty  minutes,  was  followed  within 
an  hour  by  ordinary  gauged  stuflF,  and  stood  without  cracking.  Messrs. 
Prancis,  of  Nine  Elms,  have  recently  made  arrangements  with  Mr. 
Westmacott  to  apply  his  processes  practically;  from  their  operations, 
on  a  more  extended  scale  than  was  possible  to  be  carried  on  before 
the  Committee,  the  valuable  character  of  his  invention  may  be  more 
decidedly  proved. 

Had  the  results  of  the  experiments  now  laid  before  you  been  more 
consistent  with  each  other,  and  had  they  resulted  in  conclusions  highly 
favorable  to  the  various  processes,  the  Committee  would  still  have  felt 
bound  to  impress  upon  the  members  of  the  profession  who  have  the 
opportunity  of  trying  novelties,  that  future  experiments  for  testing 
the  strength  of  materials  should  be  made  on  cubes  of  larger  dimen- 
sions than  have  been  heretofore  employed  ;  and  they  would  suggest 
that  cubes  of  6"  sides  would  perhaps  be  the  simplest  and  best  adapted 
for  the  purpose :  with  regard  to  time,  years  instead  of  months  are 
necessary  to  enable  any  one  to  arrive  at  practical  conclusions  as  to  the 
durability  of  any  artificial  material  put  forth  in  lieu  of  natural  ones. 

From  among  the  tables  appended  we  select  the  two  given,  in  pre- 
ference to  those  which  tabulate  the  results  of  experiments  on  artificial 
materials,  principally  on  the  ground  that  experiments  with  the  latter 
must  be  regarded  as  not  yet  furnishing  results  of  permanent  value, 
owing  to  the  constant  changes  and  improvements  still  being  introduced. 

Table  showing  the  results  under  pressure  of  Cubes  2",  ^'',  and  6"  in  height, 

by  their  Base, 
Portland  Stone  [Brown  Bed.) 


Height. 

Base. 

Cracked. 

Crushed. 

on  sq.  inch. 

Remarks. 

//         /f 

Tons. 

Tons. 

Tons. 

2'' 

2X2 

,  . 

3-3 

0-8 

At  once. 

a 

2  X  2 

40 

60 

1-5 

« 

4X2 

.  , 

20-2 

2-5 

At  once. 

«' 

2  X  6 

21-0 

23-5 

1-70  ) 

« 

4X4 

8  0 

410 

2-5    } 

Across  the  bed. 

t( 

6  X  6 

640 

86-0 

2-4    ) 

4// 

2X2 

3-0 

0-75 

" 

4X2 

.  , 

17-0 

2-12 

" 

4X4 

25-75 

29-25 

1-82 

t( 

4X4 

24-25 

28-75 

1-85 

« 

4X6 

31-0 

45-0 

1-87 

a  Very  slight 

ii 

6  X  6 

48-Oa 

82-06 

2-27 

external. 
b  Not  crushed. 

&'f 

2X2 

2-8 

3-4 

0-85 

a 

6X2 

,  . 

10-0 

0-83 

« 

4X4 

18-0 

20-45 

1-27) 
1-335 

L  to  bed. 

" 

6X4 

28-0 

32-0 

t( 

6  X  6 

640c 

70-0 

1.94 

c  Very  slight. 

" 

6  X  6 

550 

68.75 

1  90 
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General  Problem  of  Trussed  Girders.  By  I)k  Volson  Wood, 
Prof,  of  C.  E.,  University  of  Michigan. 

(Continued  from  page  311.) 

The  formulas  which  express  the  strains  upon  the  several  parts  of 
trusses  which  aro  in  conimon  use,  should  be  as  simple  as  possible,  and 
when  possible  should  be  continuous  functions  of  the  strain  and  dis- 
tance from  some  fixed  point,  as  one  end  fur  instance.  This  can 
generally  be  done  when  the  curve  of  the  chord  follows  an  algebraic 
law. 

We  will  suppose  that  the  bays  on  the  lower  chord  are  all  equal  to  each 
other,  and  that  the  load  consists  of  equal  weights  placed  at  the  upper 
or  lower  joints.  If  these  hypotheses  do  not  correspond  with  any 
practical  case  resort  may  be  had  to  the  equations  already  given. 

14°.  Let  the  lower  cfmrd  fje  horizontal  and  the  upper  one  parabolic,  or, 
ij" polygonal ,  let  the  vertices  of  the  polygon  be  in  a  parabolic  arc. 

Some  parts  of  this  problem  wore  very  fully  discussed  in  my  artich- 
on  the  "  Trussed  Arch,"  found  in  the  April  number  of  this  Journal 
for  ^his  year,  on  page  223.  I  shall  therefore  notice  it  very  briefly 
here,  merely  showing  how  to  apply  equations  (20)  to  this  case. 

F/C  // 


Let  Fig.  11,  represent  the  truss. 

Let  N      total  number  of  bays  in  the  horizontal  tie, 

M-  the  number  of  the  bay  considered,  counting  from  cither 

end, 
D  =  cf4     greatest  depth  of  the  truss, 
I  =  length  of  a  bay  =  1  —  2      2  —  3,  &c., 
jj=one  of  the  equal  weights  which  constitute  the  load, 
W  =  the  total  load  when  uniformly  distributed  over  the  spar. ; 
and  the  other  notation  the  same  as  before  given. 

Thcnp  =  -. 

We  first  suppose  that  the  bridge  is  uniformly  loaded  throughout 
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vith  equal  weights  placed  at  the  joints  1,  2,  3,  &c.    Then  we  readily 
^nd.Y  =  l{i^  —  l)p,x^''v  =  {n  —  l)p',Xy  =  nl         .         .         (26) 

4d 
and  7t=-^  (n  —  n)  n,  2/Pa;  =  -^-n(w — 1)^?. 

These  substituted  in  the  third  of  equations  (20),  and  reduced  will 
give 

H  -P^  (21) 

Equation  (27)  being  independent  of  w,  shows  that  the  strain  on  the 
horizontal  tie  is  constant  throughout. 

I  find  that  the  simplest  forms  for  the  values  of  F  and  Fj,  are  found 
by  eliminating  among  equations  (20)  and  placing  the  results  in  the 
following  form  : 

rsine=^=i,!^=i^'  .  .         (29) 

cot  ^  cot  2 1  ^       ^ 

In  the  article  referred  to  above  it  was  shown  [equations  (13a)  and 

(14)]  that, 

Zn'  4d 

tan^=:, 7^ ,,  and  tan  z=^-^(n  — 2w  +  l)  (30) 

Equations  (26),  (27)  and  (30)  will  reduce  (28)  to 
F2  cos  ^  =  0  ; 
hence  there  is  no  strain  on  the  diagonal  ties  for  an  uniform  load 
throuc^hout.     It  is  evident  that  the  strain  on  each  of  the  vertical  ties 
is  p,  and  that  they  transmit  the  strains  from  the  lower  chord  to  the 
arch. 

Makino-  F.,=  0  in  the  first  of  (20)  and  we  have  Fcosz==H^  which  is 
a  simpler  equation,  for  this  particular  case,  than  (29).  It  corresponds 
with  the  first  of  (16). 

This  discussion  shows  that  to  produce  strains  on  the  diagonal  bars 
it  is  necessary  to  load  the  bridge  over  only  a  part  of  its  length,  or 
else  unequally  load  the  joints. 

If  the  diagonal  bars  act  as  ties,  and  the  bridge  be  loaded  for  maxi- 
mum shearing,  we  have  for  the  strains  on  the  n^''  tie,  [see  equation 
(17),  page  229  of  the  April  number], 

F.cos<?  =  "'-"  +  ^^<"-^V        .  .  (81) 

If  the  diagonal  ties  sustain  the  load  which  is  at  their  lower  ends, 
we  must  add  p  to  the  above  expression. 

Let  w  —  l=n^        .*.  — w-fl  =  —  ii*  and  (31)  becomes 

.      (n — n^)n^  ,qin 

r2C0s/?  =  ^ — 2n^ ^  •  •  •  (31) 
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which  is  tha  form  taken  by  the  equation  when  the  bars  act  as  braces. 
(See  eq.  15,  p.  228  in  the  April  No.) 

E<juation  (31')  Hhowg  that  thr  ttraina  vary  an  the  product  of  th'- 
fpijtnintu  into  which  tli,;  njian  in  divided  hy  the  vertical  bar  tchich  pauef 
through  the  xijtper  etui  of  the  inclined  tie. 

It  is  easy  to  show  that  the  strain  on  the  horizontal  chord  is  greatest 
when  the  bridge  is  completely  loaded ;  hence,  for  an  uniform  load  wv 
have  for  the  greatest  stress  on  this  chord 

II,=  u     ,  as  given  in  equation  (-«)• 

Similarly,  the  greatest  strain  on  the  arch  is  for  a  full  load  ;  and  if 
the  load  be  uniform,  we  have 

F  cos  .-11.  =  ^^'^'  .  .  ;  (32) 

as  given  above. 

From  (.'iU)  we  may  find 

cos  J  == ,«*, 

\  ('N^-f-16D*(N  — 2n-f  1)'»  •  (^) 

vhicli  reduces  (32)  to 

From  (30)  we  may  also  find  that 

1      __V   1  S] 

cos   0  il'/II^.N    11) 

which  reduces  (31)  to 

( s-  _  n  r  1 )  (n  —  1)  vltTD'N^lN— ii)'+ /•«'      ,„- 
'«= 8DNn(N-n) ^  (^^^ 

Equations  (27),  (34)  and  (35)  are  necessary  and  sufficient  for  solv- 
ing the  problem. 

Before  leaving  this  problem  it  will  be  well  to  observe  that  for  a  load 
uniformly  distributed  over  the  whole  length  v=^}w  I'sp.  But  in  thi^ 
case  only  one-half  the  li>atl  on  each  of  the  end  panels  causes  straiii* 
on  the  truss,  because  said  half  is  sustained  <lireclly  by  the  abutinentj*, 
or  supports.  Making  this  deduction  and  wc  have  for  the  re-action 
which  causes  strains  v— J  (n  —  1);)  as  given  in  equotion  (20). 

In  order  to  bring  together,  in  this  connexion,  all   the  «  -  for 

computing  the  .^trains   on  this  truss,  1  copy  the  folio*.  .  the 

article  above  referred  to. 

For  maximum  shearing  in  the  panel  system  wlipn  tho  lond  is  rn' 
the  upper  chord,  we  have 


.     (N  — n)n  ,,-. 


F.cos. 


i2  • 
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For  maximum  strain  on  the  upper  and  lower  chords  use  equations 
(27)  and  (32). 

In  the  Triangular  St/stem,  for  maximum  shearing,  when  the  load 
is  on  the  upper  chord,  we  have 


F,  cos 


2n        L^m—^n'—lJ^' 
with  the  load  on  the  lower  chord,  we  have 

(n — ?i)(n — w+l)r      4n^ — 1 

F,  cos  a  =  ^^ —      '  ^  -' 


2n 


L4«N — ill' — IJ^ 


tan  0  = 


Zn' 


(37) 


(38) 
(39) 


(40) 


2d  [n^—  (n— 2w— 1)^] 
Equations  (27)  and  (32)  may  also  be  used  for  this  system,  for  find- 
ind;  the  strains  on  the  chords. 

15°.     Let  both  chords  be  horizontal. 
For  this  make  i  =  0  in  equations  (20)  and  they  become, 
H  +  F2  sin  (?  =  H, 

Fg  cos  0  =  V   —  2^ 

in  which  D  is  the  total  depth. 

The  second  of  these  equations  shows  that  the  ties  or  braces,  as  the 
case  may  be,  resist  all  the  shearing  stress. 

For  an  uniform  load  v=|u;L,  and  at  the  middle  section  2o^p=|m;l, 
which  in  (40)  gives  F^^O,  which  shows  that  no  ties  or  braces  are  needed 
at  the  middle.  But  it  will  be  shown  hereafter,  that  if  the  uniform 
load  consists  of  equal  weights  placed  on  the  joints,  there  will,  in  some 
cases,  be  a  strain  on  the  middle  braces. 

Let  us  first  consider  a  system  of  triangular  trussing- 
Fig.  12. 

O     G) 


-see 


ca 


Let  the  bays  be  of  equal  length,  and  the  bars  be  equally  inclined. 
Let  the  equal  weights  be  on  the  joints  of  the  upper  chord.     Then 
the  total  load  is  ^p.     .•.  v=|n|?. 

Let  a  vertical  section  be  made  just  at  the  left  of  g,  and  call  be  the 
bay  counting  from  a  ;  or  to  be  more  specific,  let  n  be  the  number 


of  bays  between  the  end  and  the/ooi  of  the  brace  considered, 
we  readily  find  for  the  section  gx^ 

Xq^p  — M^ 

2:^=:(n  — i)? 

2/p-=^iw(n  — l)jt>Z. 


Then 
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These  in  (40)  give, 

II  +  FjSin  «  — ir, 


f,cos9-J/)(n  — 2«)  }       (41) 

'  u^D  m,i[s{2n—l)  —  2n{n  —  l)]pl 


/ 


/        .  /  2d 

We  also  find  tan  <>  =  -,-:  sin  «  =    ,  ..      cos  =  » ^_ 

'2u  y/4u'-\-l*  ;  \  4d'  •  f. 

For  the  braces  which  incline  the  same  way  as  j  c^  sin  9  will  be  ne- 
gative; for  all  others  it  is  positive 

If  N  is  even,  we  have  «  A  s  for  the  nii<Mle  braceB,  which  in  the 
second  of  (41)  f^ives  F,  =  0  ;  or  there  is  no  strain  on  the  middle  bracc«; 
but  if  N  is  odd,  we  shall  have  n  —  J  (N  +  1)  or  =  J  (n — 1)  for  the 
middle  braces.  These  values  in  the  second  of  (41)  will  give  F.  sin  0 
—  -T-  J  p.    Yor  the  eml  braces  n  —  0,  which  gives  F,  sin  9  =  J  Sp  -    v. 

For  marimum  »he'irl/i>j  let  all  the  jointi}  on  the  left  nf^  be  loaded 
and  those  on  the  right  be  unloaded.     Then  we  readily  find : 
the  total  load=  (x — n)  p, 
(N— n)« 

2^'  r  -  0. 

2o'  »•  ^  =  ^' 

r,  =  {n-l)l. 

These  substituted  in  (40)  give, 

U  -f  F,  sin  9  ~  Ji, 


Fj  cog  «^        . 


H   1.=^^    "^'(2  71— 1)/ 

4n    ^  '     j 


(42) 


But  to  combine  the  cases  of  uniform  load  throughout,  and  an  uni- 
form load  to  produce  maximum  shearing,  we  will  suppose  that  the 
\iniform  load  is  the  weight  of  tiie  frame,  and  let  trj  ;  -  w  -r-  n  =  the 
weiglit  of  a  bay  ir>  length  of  the  frumc.  Then  if  ;>  =  »f,  in  (41 1  tlj^se 
equations  will  givf  the  strains,  and  by  the  aid  '>f  i4-1  we  havi-  f  >r  tie 
Strains, 

II  -f  F^  sin  9  --  II,  ^ 

F,costf=iir,(N— 2n)T— 2~i'  ;.         (43) 

H.D-i/n  N  (2n-l)-2  n  (n-1)  j- ir.-f  ^^^.'^■(2n-l)pJ  j 

For  an  uniform  load  throughout  including  the  weight  of  the  frame 
we  readily  have  from  (41) 

II -i  F.  sin  «  -H, 


F,co8tf=i  (X— 2n)(p  +  ic,)  [ 

H.d  =  ^[n  (2  n-l)-2n(n-l)](/»-f-iri)  J 


(44) 
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The  third  of  (44)  is  greater  than  the  third  of  (43);  hence,  f)r  tlie 
strains  upon  the  chords  we  use  equations  (44).  For  n  less  thai  i  n, 
the  second  of  (43)  is  greater  than  the  second  of  (44)  ;  hence,  we  use 
the  former  to  find  the  strains  upon  tlie  braces. 

Similar  expressions  might  be  found  when  the  joints  of  the  lower 
chord  are  loaded,  but  we  will  omit  them  and  pass  immediately  to  the 

Panel  System. 


V. 

V 

B 

y\ 

X 

X 

X 

X 

X 

4 

t± 

d 

a 

t         ^ 

a           «<           t±i 

For  a  definition  of  this  system  see  number  8°  of  this  article.  Let 
figure  13  represent  the  case.  Many  bridges  have  been  made  in  this 
country  upon  this  principle  ;  among  which  I  will  mention  the  follow- 
ing:       ^ 

Howe's  Truss,  in  which  the  chords  and  inclined  bars  are  made  of 
wood,  and  the  vertical  ties  are  of  iron,  (See  this  Journal  vol.  iii.  3d 
series,  p.  289,  also,  Silliman  s  Journal  vol.  xviii.  p.  123):  Pratt's  Truss, 
in  which  the  chords  and  vertical  struts  are  of  wood,  and  the  inclined 
bars  are  iron  ties,  (see  Vose's  Hand-book  of  Engineering,  p.  154): 
Long's  Truss,  which  is  composed  entirely  of  wood,  and  the  inclined 
bars  are  braces,  (see  this  Journal  vol.  v,  2d  series,  p.  231.) ;  Whip- 
ple's Truss,  which  is  composed  entirely  of  iron,  and  the  inclined  bars 
are  ties,  (see  Appleton's  Dictionary  of  Mechanics — the  last  edition — 
article  Bridges,)  and  Jone's  Truss,  which  is  also  made  entirely  of  iron, 
(see  Scientific  American  for  1863,  vol.  ix,  p.  193.)  These  Trusses 
diifer  in  the  details  of  their  construction  and  not  in  their  mathemati- 
cal properties,  and  as  it  is  only  the  latter  that  we  propose  to  discuss  we 
shall  not  dwell  upon  their  points  of  distinction.  Many  other  trusses 
partake  of  some  of  the  properties  of  those  above  mentioned. 

We  now  proceed  to  discuss  the  theory.  The  strains  upon  the  dia- 
gonal bars  will  be  the  same  whether  they  act  as  ties  or  braces;  also 
the  strain  upon  them  will  be  the  same  whether  the  load  be  on  the 
upper  or  lower  chord.  But  the  strain  on  the  vertical  ties  (or  struts, 
as  the  case  may  be)  is  not  the  same  for  the  load  on  either  chord. 

It  may  be  seen  from  the  second  of  (40)  that  the  vertical  components 
of  the  strains  on  the  several  braces  which  are  between  two  consecu- 
tive weights,  are  equal  to  each  other.  For,  v  being  constant,  the  first 
member  will  remain  constant  as  long  as  2^^  p  is  constant,  and  this  is 
constant  between  two  consecutive  weights. 

From  this  we  see  that  when  the  load  is  on  the  lower  chord,  the  ver- 
tical components  of  a  f  and  fa  Fig.  13,  will  equal  each  other  ;  so  of 
a  g  and  g  b.  But  if  the  load  be  on  the  upper  chord,  the  vertical  com- 
ponents of /a  and  ag  equal  each  other;  so  of  ^  J  and  b  i.  If  ties  be 
used  instead  of  braces,  and  the  load  be  on  the  upper  chord,  then  will 
the  vertical  components  on/6  and  bg  equal  each  other;  but  if  the  load 
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be  on  the  lower  clioid,  tlie  vertical  components  on  af  and  fb  equal 
each  other.  If  tlure  be  no  loml  between  <•  ami  \,  the  vertical  com- 
ponents will  be  the  same  on  all  the  bars  betwfcn  c  and  A. 

Let  n  be  the  number  of  the  panel  coiintin;^  from  a,  in  w^hich  the 

strains  ai"e  considered,  which  will  be  the  same  as  the  number 

of  a  brace  (or  tie)  counting  from  the  same  end,  and  let  the 

other  notation  l)e  the  .same  as  given  above. 

Then  for  an  uniform  load  in  which  the  weight  of  the  bridge  la  coa- 

sidcred,  we  have 

(n — 1)  (/)  :-  ?/•,)  =  the  total  load, 
v=i(N-l)(;>  +  f/',), 
ro'ep  =  (/<— !)(/>  i  irX 

x^  =  n  I  f'»r  a  section  just  at  the  right  of  ^, 
V   vx  =  lnl{n^l){p'rtvi). 
These  in  (40),  give 

II  -}-  F,  sin  9  =  u^  ") 

F;coso  =  i(N  — 2n  +  l)(p  +  tr,)y       .         (45). 

The  third  of  these  equations  shows  tftat  the  strain  on  the  lower 
vhordvarieH  as  the  j>roJu(t  of  (he  fit'(jmciit  into  irhich  the  spun  is  divided 
by  the  vertical  bar  which  passes  through  the  uj>per  end  of  the  brace  [or 
tie)  which  belongs  to  the  panel  considered. 

For  maximum  shearing  there  will  be  (n  —  1)  unloaded  joints,  and 
lience  (n  — n)  loaded  joints^,  but  still  tlie  weight  of  the  frame  must 
remain  ae  an  uniform  load  throughout.  Fur  this  case  we  readily 
find,  in  the  same  way  that  wt-  fuuiul  equations  (441  that. 

II -|- F^  sin  9  =  II,  ■) 

F,  COS  9  =  h  (N  -  2n  +  1)  tr.  +  ^ ^^-- ->     I  ^^^^ 

For  H  less  than  !lN,  the  second  of  (45)  is  less  than  the  second  of 
(46);  hence,  we  use  the  latter  to  compute  the  strains  on  the  braces. 
For  the  strain  on  the  chords  use  (45). 

There  is  a  point  at  which  the  shearing  stress  is  zero  ;  and  it  may 
be  found  by  placing  the  second  of  (4t»)  e(]ual  zero  and  solving  fur  n. 
The  general  expression  thus  fountl  is  long  and  inconvenient,  but  it 
may  be  easily  shown  that  there  is  one  value  bf^tween  iN  and  N — th'S 
we  will  call  n^.  The  other  value  exceeds  N,  and  hence  is  inadmissible. 

For  example,  if  ;'=  w^,     and  N  =  1*2  we  find  n^  =  7-0 
p--2w^,  and  N  =  10  we  find  n^  =  0-8 

In  this  way  a  table  might  be  formed  with  the  arguments/),  w^  and  .v. 

The  second  of  (4())  is  positive  for  all  values  if  n  between  0  and  n^; 
and  negative  for  all  values  between  n^  and  N. 

To  show  more  clearly  the  force  of  this  equation,  let  us  suppose  that 
the  frame  is  loaded  uniformly  throughout,  and  that  it  ujoves  off  in  the 
direction  from  a  towards  ii.     The  strain  on  a/  will  be  greatest  when 
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all  the  load  is  on  and  is  found  by  making  n=l  in  the  second  of  (46) ; 
the  strain  on  ag  \?,  greatest  when  the  rear  end  of  the  surcharge  has 
reached  a,  and  is  found  by  making  ?i=2  in  the  same  equation:  the 
strain  on  hi  is  greatest  when  the  rear  end  has  reached  5,  and  is  found 
by  making  w  =  3  ;  and  so  on  to  n  =  n^^  beyond  which  the  expression 
becomes  negative  which  shows  that  ties  must  be  used  instead  of 
braces  ;  or  what  is  equivalent,  the  brace  must  be  inclined  the  other 
way,  like  di,  for  instance.  The  same  phenoaienon  is  observed  if  the 
load  moves  from  b  towards  a.  "We  observe  that,  countine:  from  either 
end,  the  braces  beyond  n^  incline  in  an  opposite  direction  to  those 
within  that  value.  From  0  to  |N,  or  ^  (n  -|-  1),  the  bars  are  usually 
called  main  braces  or  main  ties ;  from  ^n  to  n^,  counter  braces,  be- 
cause they  incline  in  an  opposite  way  from  main  braces. 

Fig.  14  is  a  graphical  representation  of  equations  (46)  and  the  prin- 
ciples which  have  here  been  developed. 


/7G/^ 


dd 


We  observe  that  the  first  terra  of  the  second  member,  of  the  second 
equation  of  (46)  is  positive,  for  n  less  than  ^  (n+1)  and  negative  for 
n  greater  than  that  value,  therefore,  when  the  surcharge  extends  over 
half  or  more  than  half  the  bridge  it  conspires  with  the  weight  of  the 
frame  to  produce  strains  upon  the  main  braces  ;  but  they  a(;t  against 
each  other  to  produce  the  strains  on  the  counter-braces.  When  there 
is  a  strain  on  a  counter-brace,  there  is  none  on  the  main  brace  in  the 
same  panel.  Between  71^  and  N,  the  effect  of  the  surcharge  is  merely 
to  relieve  the  main  braces  of  a  portion  of  the  strain  which  is  produced 
by  the  weight  of  the  frame  alone. 

jPor  a  queen  post  truss  we  have  N  =  3,  in  (46) ; 

.-.     F2  cos  ^  =  (2  —  7i)  2v^^  +  J  (3  —  n)  (4  —  n)  p, 
and  for  the  end  brace  or  rafter  make  ??  =  !, 

.*.     T.^cos  d  =  w^-\- p. 
For  the  braces  in  the  middle  panel,  make  7i=2, 

.'.      Fo  cos  0  =  ^2^. 

Braces  are  rarely  put  in  the  middle  panel  in  the  queen  post  truss, 
for  the  stiffness  of  the  frame  is  relied  upon  to  resist  the  concentrated 
load. 

For  single  rafters  make  n=2,  and  n=l,  in  the  second  of  (46) ; 

.-.     F2  cos  ^  =  J  (w;  -[-  y.) 

16°.  The  principles  just  stated  are  more  forcibly  illustrated  by 
supposing  that  the  ties  are  so  near  each  other  as  to  be  considered 
continuous,  and  that  the  load  is  continuous  and  uniform. 
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For  this,  let  2:=  the  lon;^th  of  surcliarge  which  is  continuous  from 
one  etui,  see  Fi;^.  15, 
r=w<i;,'ht  of  surciiarge  on  a  unit  of  length, 
L^leii;^th  of  frame, 
«•«=  weight  of  a  unit  of  length  of  the  frame. 


Then 


}iWL-\-   ^^ 


/^/C  /i 


2<,'P=M'(L— z), 

and  the  second  of  (40)  becomes 


rx' 


FjCos  W— ^;^  (2x — L)-f-    ,,     t»f/(say) 

This  may  be  considered  as  the  equation  of  a  curve. 
For  z=0;   f/  =  —  \u'L 


(M) 


I         in  .he*  IP   \ 


(48) 


dx 


:0;  2-=.— 


10 


Fig.  16  is  a  geometrical  illustration  of  equation  (47). 
From  (48)  we  see  that  the  curve  crosses  at  D,  a  point  between  A 
and  the  middle  of  the  span.     For  instance, 


if    r=10ic;  x- 0-2:31  l  ^  Z^/^/'*' 

r--  Giv;  x«=0-290l 

r=  2m;;  x-=0-3GGl 

r=    w;  x»=0-414l 

r=     O;  x™       iL.     (See  equation  (47). 

From  c  to  D  the  braces  incline  from  the  support  c,  and  from  a  to  P, 
they  incline  from  a.  If  the  load  moved  in  the  opposite  direction,  the 
point  of  no  shearing  would  bo  at  i»',  and  between  D  and  d'  braces  must 
incline  both  ways  to  resist  the  strains  arising  from  loads  moving  both 
ways. 

Ecjuation  (47)  may  be  separated  into  two  parts ;  one  being  the 
strains  due  to  the  jiermanent  lend  ;  the  other,  to  the  surcharge.  Call 
the  former  ^i ;  the  latter  1/.,;  and  we  have 


;/,  =ff  (x  —  Jl.) 
rx» 

y'=2i: 


(40) 
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Equation  (49)  shows,  that  for  an  uniform  load  extending  over  the 
■whole  span,  the  strains  increase  uniformly  from  the  middle  towards 
the  ends. 

r/€/7      ^  Equation  (50)  shows  that  thej  increase  as  the 

ordinates  of  a  common  parabola,  counting  from  one 
end.  The  axis  of  the  parabola  is  perpendicular  to 
the  span.  Fig.  17,  represents  equations  (4U)  and 
(50). 

17°.  It  is  desirable  to  have  some  easy  mode  of  determining  whether 
a  bar  is  subjected  to  a  thrust  or  pull.  It  is  evident  that  the  bars  of  the 
upper  chord  are  all  subjected  to  a  thrust,  while  those  in  the  lower 
chord  are  subjected  to  a  pull  or  tension.  But  the  inclined  bars  may 
be  subjected  to  either,  and  in  varying  circumstances  to  both  kinds  of 
strain.  To  determine  to  which  strain  any  bar  is  subjected  under 
any  given  condition ;   we  observe,  first,  that  the  shearing  stress  is 

<     "^     ,.  ]     ^  f     >when   the  second  members    of    (40),    is 

(^  negative  or  downwards  j  \     n 

\  neiiative  I  '     ^^  ^^  conceive  the  load  to  be  divided  by  a  vertical 

plane  so  that  the  part  between  A  and  the  plane  shall  equal  v,  see  fig.  12 
or  13,  then  will  the  shearing  stress  between  v  and  the  plane,  be  positive ; 
and  beyond  the  plane  it  will  be  negative.     Or,  this  principle  may  be 

stated  thus :  the  shearing  force  will  be  \  ^g^atlve  I  ^^<^°^^^^g  ^^  *^^® 
plane    section   is<  ^^^^  remote  |  ^'^'^^  ^  plane  which  divides  the  load 

into  two  parts  respectively  equal  to  the  re-action  of  the  supports. 

We  next  observe  that  all  the  bars  which  are  similarly  situated  on 
either  side  of  the  dividing  plan  will  be  subjected  to  like  strains. 

Finally,  the  brace  Ae  (fig.  12,  or  a/"  fig.  13)  is  subjected  to  compres- 
sion, and  its  angle  of  inclination  and  the  shearing  stress  are  both 
positive  ;  hence  we  have  this  general  principle;  for  ordinary  trussed  bridges: 

Ji  bar  is  subjected  to  a\         ,',     >  when  the  sign  of  its  angle  of  incli- 

nation    is  \         ,         .     \  the  sign  of  the  shearing  stress  on  a  plane  sec- 
I  contrary  to    )  ^     ^  °  -^ 

Hon  which  passes  through  the  bar. 

This  rule  which  is  essentially  that  given  by  Rankine  for  a  similar 
case,  (see  his  Applied  Mechanics,  p.  161)  fails  in  many  cases  when 
applied  to  trusses  of  diiferent  form.  For  instance,  in  the  double  raf- 
ter, as  shown  in  Fig.  18,  the  inclination  of  both  the  right  hand  rafters 
is  positive,  and  the  shearing  stress  is  positive ;  yet  the  lower  one  is 
subjected  to  tension. 


General  Problem  of  Trussed  Girders. 


3S5 


In  Fig.  19,  all  the  bars  have  a  positive  inclination,  while  the  alrer- 
natc  ones  arc  sul»jccted  to  tension.  /^/£/d 

Tredgold  in  his  Cirpentry  (Fourth 
edition  p.  1*2)  gives  the  following  rule  /       \     \„       V 

to  distin^juiah  ties  from  struts. 


'•I.ct  .1  piralklogram  he  constructcil  on  the  direction  of  the  strain- 
ing force  an  a  diagonal,  the  sidc-s  of  the  parallelogram  being  parallel 
to  the  sustaining  forces  ;  then,  let  the  other  diagonal  of  the  parallelo- 
gram be  drawn  ;  and,  parallel  to  it,  draw  a  line  through  the  point 
where  the  directions  of  the  forces  meet.  Consider  towards  which  side 
of  this  line  the  straining  force  would  move  if  left  at  liberty  ;  and  all 
supports  on  that  side  will  be  in  a  state  of  compression  and  all  those 
on  the  other  side  will  be  in  a  state  of  tension." 

For  instance,  in  Fig.  18,  construct  a  parallelogram  on  A  V  as  a  dia- 
gonal, having  its  sides  parallel  to  A  B  and  a  r.  Draw  e  e'  through  a 
parallel  to  ac.  Now  if  v  were  free  to  move  it  would  move  vertically 
upward,  and  as  A  u  is  above  «  e'  it  would,  according  to  the  rule,  be 
compressed  and  ac  extended.  The  rule  draws  a  correct  conclusion 
in  this  case  ;  still  it  is  not  infallible.  For  if  we  suppose  there  is  a 
single  weight  acting  on  the  frame,  as  shown  in  Fig.  I'J,  and  we  apply 
the  rule  to  it,  we  will  find  that  all  the  bars  at  the  right  which  are 
marked  (T,  should  be  subjected  to  tension  ;  whereas,  they  are  reallv  sub- 
jected to  compression.  The  rule  also  decides  that  the  lower  bar  is 
compressed,  whereas  it  is  extended.  In  justice  to  the  rule,  however, 
I  should  say  that  if  we  suppose  that  two  inclined  bars  sustained  tiie 
weight — neglecting  the  intluence  of  the  horizontal  tie — it  gives  cor- 
rect results.  But  with  this  admission  I  find  that  it  fails  in  numerous 
instances  in  the  arched  truss.    It  can  then  be  rt7i>(/  '  •< 

where  two  bars — and  only  two — are  concerned  in  r 
Tredgold  a])plied  it  to  such  cases. 

Ikobison  in  his  Mechanical  I'hilosophy,  vol.  i.  p.  o04,  gives  the  fol- 
lowing rule :  *' Take  notice  of  the  direction   in  which  the  piece  acts 
from  which  the  strain  proceeds.     Draw  a  line  in  that  direction  frjtn 
Vol.  XLVIII.— TaiRuSiBiKS.— No.  C— Dxcxmbxb,  ISCi.  33 
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the  point  on  wliich  tlie  strain  is  exerted  ;  and  let  its  length  express 
the  magnitude  of  this  action.  From  its  remote  extremity  draw  lines 
parallel  to  the  pieces  on  •which  the  strain  is  exerted.  If  one  of  these 
lines  cut  the  bar,  or  the  bar  prolonged  in  the  direction  of  its  remote 
end,  the  bar  Avill  be  compressed  ;  but  if  it  cut  the  prolongation  in  the 
opposite  direction  it  is  a  tie."  This  rule  is  also  given  in  the  Enc^'clo- 
pedige  Britanica  in  the  article  on  Carpentry. 

This  rule  is  more  nearly  general  than  either  of  the  preceding,  and 
yet  it  must  be  used  with  caution  and  with  some  limitations.  To  illus- 
trate it,  refer  to  Fig.  19,  and  let  Aa  represent  the  re-action  of  the  sup- 
ports, which  is  vertically  upwards.  Through  a  draw  a  line  parallel  to 
the  lower  chord;  it  cuts  the  bar  xd  ;  hence  Acl  is  a  strut.  Now  the 
force  in  the  sti-ut  acts  from  A  towards  d ;  therefore,  draw  d  e  in  that 
direction  from  cf,  and  proceed  as  before,  and  we  see  that  the  upper 
chord  is  compressed  and  the  next  bar  extended.  Proceed  in  this  way 
until  we  come  to  the  point  where  P  is  applied  :  or  generallu  ;  commence 
at  either  end  and  follow  the  rule  to  the  point  where  the  vertical  sliear- 
hig  stress  is  zero.  The  limitations  to  which  I  wished  to  refer,  is — we 
must  not  pass  the  ^loint  ivhere  the  vertical  shearing  stress  is  zero. 

I  have  said  the  rule  must  be  used  with  caution.  For  instance,  in 
Fig.  19,  to  find  the  strains  upon  the  bars  Avhich  concentrate  at  ^, 
we  have  found  that  the  bar  dg  is  a  tie,  and  to  produce  tension  on 
the  part  g  o,  it  must  act  from  g  towards  o ;  through  o  draw  o  i  paral- 
lel to  mg ;  it  cuts  Ag  at  i;  hence,  we  would  be  inclined  to  infer  that 
Ag  is  compressed,  but  we  found  while  considering  the  forces  at  a, 
that  it  was  extended.  We  must  therefore  infer  that  the  point  i  be- 
lonojs  to  the  prolongation  of  72g ;  and  hence  ng  is  extended.  If  these 
cautions  and  limitations  be  observed  I  think  that  the  rule  will  always 
give  correct  results. 

My  rule  has  been  to  observe  that  the  inclined  bars  commencing  at 
either  end,  are  alternately  compressed  and  extended  up  to  the  point 
where  the  shearing  stress  is  zero ;  and  that  all  parts  of  the  upper 
chord  are  compressed,  and  of  the  lower  are  extended.  It  is  not  diffi- 
cult to  determine  whether  the  first  one  is  extended  or  compressed, 
and  hence,  the  rule  is  easily  applied. 

In  the  next  article  I  shall  consider  some  cases  in  which  the  axis  of 
y  intersects  more  than  three  bars. 

CTo  be  Continued.) 


Mons.  Crepins  Experiments  on  Baltic  Timber  Creosoted  under 

BethelVs  Process. 

[Annales  des  Travaux  Publics  d.e  Belgique.] 

From  the  Lond.  Practical  Mechanic's  Journal,  August,  1864. 

The  experiments  undertaken  by  me  in  1857,  at  Ostend,  to  ascer- 
tain the  relative  preservation  of  timber  prepared  with  sulphate  of  cop- 
p_er,  and  timber  prepared  with  creosote  oil,  when  placed  in  the  sea, 
and  the  relative  resistance  of  such  differently  prepared  timber  to  the 
attacks  of  the  Teredo  worm,  have  been  previously  given  to  the  scien- 
tific world. 
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I  liiivo  [>rocecrle<l  with  tlicso  experiments,  and  havin;;  a;;iin  mlnulclv 
inspected  the  creoHoted  woo  I,  I  am  able  to  say  that  it  presents  no 
trace  of  the  Tf^rodo,  and  is  in  a  perfect  state  of  preservation.  The 
experiments,  I  believe,  may  be  now  taken  as  decisive,  and  wc  may 
conclude  that  well  croosotcd  fir  timber,  prepared  with  creosote  oil  of 
;^ood  quality,  is  proof  a^^aiiist  tiie  attacks  of  the  Teredo,  and  is  certain 
to  last  for  a  lon^  time. 

Let  us  sum  up  tho  results  of  tliese  experiments,  or,  at  least,  such 
as  apply  to  tho  timber  submergeil  in  the  sea,  and  expose<l  to  tho  Te- 
redo's attacks.  This  timber  is  phiceil  exactly  I'JO  met.  (G  ft.  3  ins.^ 
above  the  low-water  mark  of  sprinp  tides,  so  that  the  pieces  between 
2  met.  and  -•«50  met.  (G  ft.  7  ins.  and  8  ft.  7  ins.)  Ion;;  are  left  par'ly 
dry  twice  in  tho  day.  The  Teredo  greatly  abounds  at  Osttiid,  and 
has  been  ft)und  in  all  situations  below  I'DO  met.  ('j  ft.  3  ins.)  above  the 
low-water  mark  of  sprin;;  ti<les. 

In  tho  first  fortnight  of  the  month  of  October,  T^'>7,  I  placed  imme- 
di;it<ly  benoHth  the  line  marking;  I'S^U  met.  (0  ft.  3  ins.)  above  the  water 
ni:irk,  upon  the  piles  of  ihe  east  pier — 

1.  Three  pieces  of  creosnted  fir,  which  had  been  taken  from  a  lot 
of  wood  prepared  in  the  orlinary  way  by  tho  State  Railway. 

2.  Three  pieces  of  beech  prepared  with  sulphate  of  copper. 

3.  One  piece  of  fir,  and  one  piece  of  beech  wood,  not  prepared  in 
any  way. 

T/ic  first  Innpection,  18'j1>. — In  the  be^^inninj;  of  January,  l"^'/.'. 
the  above  mentioned  pieces  were  taken  down  and  inspected. 

It  was  found  that  the  piece  of  fir  unprepared  was  much  perforated 
by  the  Teredo;  that  the  piece  of  beech  unprepared  was  perforated  from 
one  end  to  tho  other  ;  that  the  pieces  prepared  with  sulphate  of  cop- 
])er  were  all  three  eaten  by  the  Teredo  ;  and  tiiat  the  three  pieces  of 
creosoted  fir  alone  were  intact,  and  without  a  trace  of  the  Teredo. 

The  three  last  mentioned  pieces  alone  were  replaced,  a  slice  having 
been  previously  cut  ol}*  from  each  as  a  specimen  ;  in  two  of  the  pieces 
the  sawn  surface  was  covered  with  flat-headed  nails,  but,  in  the  case 
of  the  third,  this  preeaution  was  purposily  omitted. 

T/w  8'coiul  Inn/x'i'doiiy  1S«)<). — Tiie  seoonil  inspection  of  tho  three 
pieces  of  creosoted  wood  took  place  in  March,  ISilO. 

Traces  of  the  Teredo  were  discoverable  in  the  piece,  the  sawn  sur- 
face of  which  had  not  been  covered  with  the  flat-headed  nails  ;  but  tiu- 
two  other  pieces  were  alto;;ether  intact.  Upon  the  heart  v 
tion  of  one  of  the  sides,  which  prob.il»ly  had  not  been  very 
]>vei;i\ated  with  creosote,  some  very  stirill  holes  of  voun;;  Ten-.ios  wi-:  • 
diseuvereil.  but  it  was  plain  that  they  hud  not  bi  i  n  :i!  !.•  to  lunelrati 
it  at  all.     The  two  latter  pieces  were  replaced. 

y/i*?  thi'ni  Kxaminatinyi^  ISjJ'J. — In  the  early  jvut  "f  July.  lSi52, 
the  two  pieces  replaced  in  1S«)0  were  re-examined,  nod  presented  no 
signs  of  the  Teredo.      They  were  then  replacol  ••. 

The  fourth  Krumiu'ition,  1H»»4. — The  two  y  liced  in  lSG:i 

were  examined  upon  January  21st,   1S(J4,  ami  it  was  then  found  that 
tliey  presented  no  trace  of  the  Teredo,  and  no  sign  of  decay  of  any 
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kind.  These  two  pieces  are  now  in  as  perfect  a  state  of  preservation 
as  when  they  were  first  put  into  the  sea,  the  wood  has  retained  all  its 
elasticity,  and  has  acquired  a  density  which  it  did  not  possess  in  its 
unprepared  state  ;  the  creosote  oil  also  appears  to  have  been  entering 
more  deeply  into  the  wood.  These  two  pieces  have  been  exposed  to 
the  Teredo  from  the  month  of  October,  1857,  to  21st  January,  1864, 
— a  period  of  more  than  six  years. 

They  had,  however,  absorbed  but  a  small  proportion  of  creosote  oil. 
They  are  now  in  a  state  of  perfect  preservation.  The  experiment  ap- 
pears to  me  conclusive. 

However,  as  I  said  in  the  notice  of  this  experiment  inserted  in  vol- 
ume XX  of  the  "Annals,"  the  Honorable  the  Minister  of  Public  Works 
was  so  good  as  to  order  some  pieces  of  wood  to  be  prepared  at  Ghent 
on  the  iGth  May,  1861,  by  the  oiEcers  of  the  State  llailway,  expressly 
for  my  use ;  and  I  accordingly  received  15  pieces  then  prepared,  with 
which  to  make  a  further  experiment.  I  fixed  these  15  pieces  in  the 
first  fortnight  of  June,  1861,  upon  the  front  row  of  piles  of  the  east 
pier,  all  within  1*90  met.  (6  ft.  3  ins.)  above  the  low- water  mark  of  the 
spring  tides. 

In  the  course  of  the  winter  of  1861,  and  the  first  month  of  1862, 
three  of  these  pieces,  numbered  30,  33,  and  40,  were  swept  away  by 
the  sea,  and  lost. 

The  remaining  12  pieces  were  taken  off,  placed  on  the  quay,  and 
examined  on  the  11th  July,  1862.  After  having  ascertained  that  they 
bore  no  trace  of  the  Teredo,  I  kept  as  samples  numbers  16  and  18, 
and  replaced  the  ten  others. 

These  were  taken  down  and  examined  on  21st  January,  1864,  and 
it  was  then  again  ascertained  that  they  showed  no  trace  of  the  Teredo, 
nor  any  kind  of  alteration  or  decay. 

They  are  strongly  impregnated  with  creosote,  and  the  oil  seems  to 
have  been  penetrating  more  deeply  into  the  wood.  The  wood  is  hard, 
and  retains  all  its  elasticity.  On  Aveighing  the  10  pieces  in  question, 
I  found  that  they  had  gained  in  weight,  upon  an  average,  6-25  kilos. 
(14  Sbs)  each,  during  their  immersion  from  1862  to  1864.  In  1862 
■we  found  that  they  had  scarcely  increased  in  weight  at  all,  but  the 
normal  weight  with  which  we  compared  them  was,  in  this  case,  their 
weight  as  taken  in  the  creosoting  yard  immediately  after  their  pre- 
paration ;  and  most  probably  this  normal  weight  would  have  been  less 
had  they  been  weighed  in  the  first  instance  upon  their  immersion  in  the 
sea  at  Ostend. 

At  all  events,  it  is  certain,  that  the  weight  of  the  crcosoted  pieces 
of  wood  is  found  to  be  increased  after  their  immersion  in  the  sea  ; 
they  cannot  therefore  have  lost  in  the  sea  any  of  the  creosote  oil  with 
which  they  were  impregnated.  This  circumstance  is  probably  owing 
to  the  insolubility  of  the  oil  in  the  water,  and  also  to  the  fact  of  its 
density  being  about  equal  to  that  of  the  sea  water.  It  appears  that, 
after  its  creosoting,  and  its  subsequent  immersion  in  the  sea  for  two 
years  and  a  half,  the  fir  wood  has  nearly  doubled  in  weight.  It  has 
acquired,  and  now  retains,  the  density  of  oak. 
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This  trial  of  creosoted  fir  for  marine  purposes  appears  to  me  con- 
clusive, both  as  regards  tlie  preservation  of  the  woo<i,  and  as  regards 
its  rcsistencc  to  the  Teredo.  Experiments  made  in  Kngland,  and  re- 
cently in  France  ami  Holland,  tend  to  the  same  conclusion.  I  cannot 
too  strongly  recotnmcml  the  use  of  creosote<l  fir  wood  in  IIy«lraulic 
engineering,  in  preference  to  oak  (the  price  of  which,  especially  for 
the  larger  pieces,  has  hecome  excessive),  since,  in  ud<liiion  to  its  being 
cheaper,  there  is  no  doubt  of  the  creosoted  fir  lasting  longer.  The 
Government  Public  Works  Department  has  cordially  adopted  this  most 
beneficial  process,  ami  constructed  part  of  the  dyke,  and  the  whole  of 
the  American  foot  passengers'  bridge  in  the  new  works  at  Osteud,  of 
creosoted  red  fir. 

At  jN'ieuport,  a  visitors  pier,  000  met.  (600  feet),  has  been  built  of 
creosoted  fir,  upon  the  left  bank  of  the  channel;  and  the  new  pier, 
which  is  to  be  carried  out  from  the  end  of  it  into  the  sea,  will  doubt- 
less likewise  be  made  of  creosoted  fir.  Moreover,  various  sluice  gate-* 
at  O.-stend  have  recently  been  ordered  to  be  renewed,  and  creosoted 
Baltic  fir  and  pitch  pine  to  be  used  for  that  purpose. 

The  only  things  about  which,  to  my  mind,  we  need  be  8<dicit<)u«,  an* 
the  proper  creosotitiy  of  the  timber  with  proper  creoaote  oil,  and  (he  o#«* 
of  the  proper  kinds  of  timber,  viz.,  those  best  suited  to  the  process  of 
creosoting. 

It  has  been  observed  that  the  resinous  descriptions  of  wood  become 
most  thoroughly  injected,  and  that  the  use  of  white  fir  should  be  dis- 
countenanced. 

I  also  think  it  right  to  mention  that,  in  the  case  of  the  sluice  gatCM 
recently  ordered,  no  limit  has  been  fixed  to  the  (juantity  of  ereo.H«t«' 
which  may  he  injected  into  the  wood  ;  also,  that  it  isre<juired  that  lln' 
wood  be  first  subjceled  to  ii  vacuum  of  ilO  per  cent,  of  the  barometrr 
for  an  hour;  and  immediately  after  this,  have  creosote  oil  ft)rced  int  » 
it  at  a  pressure  of  8  atmospheres  during  at  least  two  hours. 

OtTMO,  Kiibruary  5Ui,  1804. 

MECHANICS,  PIIVSICS,  AND    CHEMISTRY. 


An  Account  of  Balloon  Ascenitiona.    ]»y  Mr.  James  Glaishmr. 

Vroin  (he  U>n>lun  Athriupan,  (krt^  l!«44. 

The  Committee  on  balloon  experiments  was  appointed  last  year  for 
the  following  |)urposes :— To  examine  the  electrical  condition  o(  lUt* 
nir  at  difTerent  heights  ;  to  verify  the  law  of  the  decrease  of  tempera- 
ture; antl  to  compare  the  constants  in  diflcrent  slates  of  the  atmosphere. 
AVith  respect  to  the  first  of  these  objects,  no  progress  had  iteen  made 
with  the  exception  of  preparing  an  instrument  and  apparatus  for  th<' 
investigation.  At  the  retjuest  of  the  Committee,  Mr.  Fleeming  Jcnkiu 
undertook  the  c(Uistruetion  of  the  best  instrument  for  the  puq>03e. 
and  one  was  finished  towards  the  end  of  iSGo,  but  it  was  constructed 
to  be  used  with  fire  ;  it  has  since  had  to  be  adapted  for  water — a  con- 
stant flow  of  which  is  ueccsaary  in  electrical  experiments  ia  balloons. 
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This  apparatus  Mr.  Glaisher  was  requested  by  the  Committee  not  to 
use,  as  they  felt  that  these  instruments,  if  exerting  no  influence  while 
the  balloon  was  rising,  might,  when  it  was  falling,  throw  considerable 
doubt  on  the  experiments  relating  to  humidity.  With  respect  to  the 
second  of  these  objects,  the  verifying  the  law  of  the  decrease  of  tem- 
perature in  different  states  of  the  atmosphere,  the  Committee  con- 
sidered would  be  best  attained  by  taking  as  many  observations  as 
possible,  at  times  in  the  year,  and  at  times  in  the  day,  at  which  no 
experiments  had  been  made,  for  the  purpose  of  determining  whether  the 
laws  which  hold  good  at  noon  apply  equally  well  at  all  other  times  of 
the  day.  The  Committee  have  always  pressed  the  importance  of  mag- 
netic observations  in  the  higher  regions  of  the  air;  the  Astronomer 
Royal  suggesting  the  use  of  a  horizontal  magnet,  and  taking  the  times 
of  its  vibration  at  different  elevations,  a  method  which  is  seldom  practi- 
cable, owing  to  the  almost  constant  revolution  of  the  balloon.  To 
obviate  this,  Dr.  Lloyd  suggested  the  use  of  a  dipping-needle,  placed 
horizontally  when  on  the  ground,  by  means  of  a  magnet  above  it,  so 
that,  when  in  the  balloon,  the  deviation  from  horizontality  might  be 
noticed,  and  which  deviation  would  be  independent  of  rotary  motion 
of  the  balloon.  The  latter  method  has  not  yet  been  tried,  Dr.  Lloyd 
wishing  some  experiments  to  be  made  before  the  instrument  was  con- 
structed ;  at  Newcastle  a  very  general  wish  being  expressed  that  very 
high  ascents  should  not  again  be  attempted,  none  above  five  miles  had 
since  been  made.  Mr.  Glaisher  then  gave  an  account  of  the  ascents 
made  by  him  during  the  past  year.  The  first  was  from  Newcastle, 
on  the  31st  of  August.  The  balloon  left  the  earth  at  Gh.  12in.  P.M., 
with  a  north  wind,  and  descended  at  five  minutes  past  7,  at  Fittiugton, 
near  Durham.  The  decrease  of  temperature  within  the  first  200  feet 
of  the  earth  in  this  ascent  was  very  remarkable,  no  such  rapid  de- 
crease having  been  found  in  any  other  ascents.  On  the  ground  the 
temperature  was  64°,  and  by  the  time  200  feet  had  been  attained,  a 
decrease  of  8  degrees  had  taken  place,  the  temperature  being  50°  ; 
from  this  height  to  1200  feet,  there  was  but  little  change,  and  above 
this  the  temperature  decreased  from  2°  to  3^-°  in  each  succeeding 
1000  feet,  up  to  7000  feet  when  the  balloon  entered  a  relatively 
warmer  current  of  air.  The  second  ascent,  on  the  29th  of  September 
1863,  was  from  Wolverhampton.  The  gas  on  this  occasion  had  been 
prepared  in  July,  expressly  for  a  high  ascent  intended  to  have  taken 
place  before  the  Newcastle  Meeting,  but  circumstances  prevented  this 
being  made,  and  the  gas  was  obligingly  stored  in  the  gasometer  by  the 
directors  of  the  gas-works.  Tlio  balloon  left  at  7h.  43m.  A.M.,  wind 
S.W.  At  8200  feet  there  were  two  layers  of  clouds  below  the  balloon 
and  very  dense  clouds  above.  When  at  11,000  feet,  the  clouds  were 
still  a  mile  higher ;  there  was  a  sea  of  blue-tinged  cloud  below,  and 
peeps  of  the  earth  was  seen  through  the  breaks.  At  13,000  feet, 
liiglx  clouds  were  still  above ;  but  after  this  they  began  to  dissipate, 
a^id  at  9h.  38m.,  at  14,000  feet,  the  sun  shone  brightly.  Ten  minutes 
afterwards  the  travelers  discovered  the  Wash  at  a  distance  of  only 
ten  miles,  and  were  compelled  to  descend.     A  south-west  gale  was 
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Mowing,  ami  so  stron;;  was  the  wind  that  on  the  ;rrapnels  takin;;  the 
ground  near  Sleaford,  at  lOh.  3Utn.,  tlie  balloon  was  rent  from  top  to 
bottom.  In  this  ascent  warm  currents  were  met  with  at  bOUU  and 
13,o00  feet.  In  the  descent  a  warm  current  was  passed  through, 
extending  from  14,000  to  I'OOO  feet.  Temperature  at  the  ground  on 
leaving  4S'^  ;  at  time  of  descent  63°.  On  [ia««sing  out  of  the  mist  at 
3000  feet  the  humidity  «lcclined  to  TiS^  at  hOOO  feet  ;  lure  there  were 
dense  clouds  above  and  below;  at  I'OOO  f<ct  the  hiimi<lily  was  71°; 
and  then  the  air  became  suddenly  dry.  The  third  ascent  was  made 
from  the  Crystal  Palace,  at  4h.*L'l>m.,  P.M.,  on  the  Hth  of  October. 
In  Hcventcen  minutes  it  was  7300  feet  hi^h,  and  directly  over  London 
Uridge,  and  all  the  vast  number  of  buildings  comprising  the  wljole  of 
London  could  be  clearly  seen.  There  were  neither  warm  nor  cold 
currents  met  with  on  this  day.  The  Secretary  of  State  for  War 
having  grantcil  permission  to  the  Committee  to  avail  themselves  of 
the  facilities  afforded  in  the  Koyal  Arsenal  at  Woolwich,  the  ascent  of 
the  12tij  of  Jiiiuiary  was  mnde  from  thence.  It  was  intended  to  have 
been  made  on  the  -1st  of  December  previou?,  and  from  time  to  lime 
the  balloon  had  been  partially  infliited.  It  left  at  -ii.  7in.  P.M., 
and  in  14  minutes  ha<i  crossed  the  Tilbury  Railway,  and  was  over 
llainault  Forest ;  at  3h.  31m.  the  height  of  1*2,000  feet  wa«  attained, 
when  the  balloon  began  to  descend  an<l  touched  the  ground  at  4h.  10m. 
at  Lakenhcath.  On  the  earth  the  wind  was  S.E.  :  at  1300  feet  a 
strong  S.W.  current  was  entered,  in  which  the  balloon  continued  up 
to  4000  feet,  when  the  wind  changed  to  S.  At  ^000  feet  the  wind 
changed  to  S.S.W.,  and  afterwards  to  S.8.E.  At  11,000  feet,  fine 
granular  snow  was  met  with  ;  atid  the  balloon  pas<icd  through  snow 
on  descending,  till  within  8000  feet  of  the  earth.  Cl<»u»ls  were  entered 
at  7000  feet,  which  merged  at  about  liOOO  feet  into  mift.  This  ascent 
is  the  only  one  ever  maile  in  January  for  scientiGc  purposes.  The 
fifth  ascent  was  designed  to  have  been  matle  a.«»  near  the  21st  of 
March  as  possible,  but  through  adverse  weather,  was  deferred  to  the 
6th  of  April.  The  balloon  left  Woolwich  at  4h.  7m.  P..AI.,  with  a  S.E. 
wind,  ascending  evt-nly  at  the  rate  of  lOOO  feet  in  about  three  iuintite<«, 
till  11,000  feet  was  attained  at  4h.  37m.  It  descended  in  tije  Wilder- 
ness Park,  near  Sevenoaks  in  Kent.  Its  course  was  most  remarkable, 
having  passed  over  the  Thames  into  Essex  ;  the  balloon,  unknown  to 
the  aeronauts,  must  have  re-pa«sed  the  river  and  moved  in  a  directly 
opposite  direction.  an<i  so  continued  till  it  approached  the  earth,  when 
it  again  moved  iu  the  same  direction  as  at  first.  The  ascent  is  re- 
markable for  the  small  decrease  in  temperature  with  increase  of  eleva- 
tion. The  air  at  the  period  of  siarting  wis  40.}*^,  and  did  not  decline 
at  all  until  after  reaching  300  feet,  after  which  it  decrease*!  gradually 
to  33*^  at  4300  feet.  A  warm  current  was  then  entered,  and  the  tem- 
perature increased  till  7600  fiet  was  attained,  when  40''  were  attained, 
being  the  same  as  had    been  e.\  '  feet.     It  then  de- 

creased to  34**  at  h800  feet,  and  t  vly  to  37"  at  11,000 

feet,  a  temperature  which  had  been  experienced  at  the  heights  of 
8600,  (3600,  and  3000  feet  in  ascending.     After  the  greit  injury   to 
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the  lalloon  on   the   29th  of  September,  in  addition  to  the  repairs  it 
had  previously  undergone,  Mr.  Coxwell  did  not  consider  it,  after  the 
additional  roiigh  usage  in  the  last  two  voyages,  safe  for  extreme  high 
ascents,  and  determined  to  build  a  new  one ;  which  he  did,  capable  of 
containing  10,000  cubic  feet  more  gas  than  the  old  one,  so  that,  if 
need  be,  two  observers  could  ascend  together  to  the  height  of  five 
miles.     A  new  balloon,  however,  needs  trying  in  low  ascents  until  it 
proves  gas-tight,  before  it  can  be  used  for  great  elevations;  and,  on 
June  13,  it  was  therefore  started  on  a  small  ascent  from  the  Crystal 
Palace,  at  7  o'clock  ;  the  sky  cloudless  and  the  air  perfectly  clear, 
except  in  the  direction  of  London.     An  elevation  of  1000  feet    was 
reached  in  IJ  minute,  3000   feet  at  7h.   8m.,  when  the  balloon   de- 
scended to  2300  feet,  and   then  re-ascended  to  3400,  when,  after  a 
slight  dip,  it  again   ascended  to  3550  feet,  the  highest  point  by  7h. 
28m.,  and  then,  after  some   oscillations,  began  its  downward   course 
at  7h.  50ra.  from  2800  feet,  reaching  the  ground  at  East  Horndon, 
five  miles  from  Brentwood,  at  8h.  14m.     The  remarkable  feature  in 
this  voyage  being  that  below  1800  feet  elevation  there  was  scarcely 
any  change  of  temperature  until  the  earth  was  reached.     This  fact, 
of  no  change  in  the  temperature  of  the  air  at  the  time  of  sunset,  was 
very  remarkable,  for  it  indicated  that  if  such  be  a  law,  the  law  of  de- 
crease of  temperature  with  increase  of  elevation  may  be  reversed  at 
nicht  for  some  distance  from  the  earth.     June  20th  the  balloon  left 
Derby,  at  17   minutes   j)ast  G,   P.M.,    and   descended  near  Newark. 
June  27,  the  balloon  ascended  from  the  Crystal  Palace,  at  Gh.  33|ni., 
the  sky  cloudy,  wind  west.  The  descent  was  made  on  Romney  Marsh, 
5  miles  from  the  shore.  These  several  trial  trips  of  the  new  balloon  were 
made,  and  it  was  gradually  becoming  gas-tight,  when  its  lamentable 
destruction  at  Leicester  took  place.     The   mayor  of  that  town  has 
recently  presided  over  a  meeting  for  the  purpose  of  collecting  sub- 
scriptions to   assist  Mr.    Coxwell  to  re-build  a  new  balloon  ;  and  we 
concur  in  Mr.  Glaisher's  wish   that  the  town  of  Leicester  and  the 
Foresters'    Society  will  soon  remove  the  stigma  resting  upon  them. 
Mr.  Coxwell  since  then  has  had  recourse  to  the  old  balloon,  which  he 
had  repaired  as  best  he  could,  and  the  next  and  last  ascent  of  which 
Mr.  Glaisher  had  to  speak,  was  made  with  it,  on  Aflgust  29,  from  the 
Crystal  Palace,  at  4h.  6m.     The  diiTerence  between  the  temperatures 
of  the  air  and  those  of  the  dew-point  in  this  ascent  was  rather  re- 
markable.    The  most  important  point  in  the  past  year's  experiments 
are  ; — That   though   the    law    of  decrease    of    temperature    under 
ordinary  circumstances  in  the   Summer  months  is  pretty  well  deter- 
mined, we  cannot   say  such  a  law  holds  good  throughout  the  year ; 
nor  can  we  say  that  the  laws  which  are  in  force  during  the  day  will 
be  in  force  at  night.     In  carrying  out  these  experiments,  Mr.  Glai- 
sher said  he  had  freely  given  up  all  his  leisure,  and  that  Mr.  Coxwell 
had  done  the  same  in  the  most  unselfish  manner ;  indeed,  had  it  not 
been  for  the  generous  spirit  in  which  Mr.  Coxwell  had  entered  into 
these  experiments,  they  never  could  have  been  made,   except  at  a 
multiple  of  the  cost  that  had  been  incurred. 


393 


Proceedings  of  the  Atnoriation  for  the.  Prevention  of  Steam  Boiler 
J'^x ploaionSy  Ma nchc»ter. 

Frnm  tha  l^ioit  iti  >larb»nkoi'  >UK»«in".  Jntjr,  IMI. 
[Report  uf  thu  Cliicf  Knginoor,  July  2»'»,  lb«i4.] 

Durinnj  the  last  month  218  enjiincs  have  been  examined,  ami  327 
boilers,  14  of  the  latter  bein;;  exainine<l  specially,  and  «J  of  ''  ftl 

vith  liyilraulic  pressure.     Of  the  boiler  examinations,  2o.  'U 

external,  11  internal,  and  67  thorough.  In  the  boilers  examintu,  liU 
defects  have  been  discovered,  o  of  them  bein;:  dangerous. 

No.  17  explosion  occurretl  during  last  month,  but  aa  the  investiga- 
tion into  all  the  circumstances  connected  with  it  was  not  completed 
■when  the  last  monthly  report  was  issued,  its  consideration  was  post- 
j)oned  till  the  present  occasion,  and  may  now  be  entered  upon. 

Much  as  has  already  been  stated  in  these  reports  as  to  the  treaclier- 
ous  character  of  externally  fired  boilers,  and  the  danger  attendant 
upon  their  use,  yet  another  fatal  ex{)losion  of  one  of  this  class  has  to 
be  recorded,  which  occurred,  on  this  occasion,  to  a  boiler  under  the 
inspection  of  this  Association.  Wy  this  explosion  three  persons  were 
killed,  and  two  others  injured,  one  of  then)  very  seriously;  while  it4 
occurrence  only  corroborates  the  views  already  expressed,  and  showi 
the  necessity  of  the  warnings  which  have  been  given. 

The  boiler  in  question  was  the  centre  one  of  a  series  of  three,  work- 
ing at  a  colliery,  all  of  them  being  of  plain  cylindrical  egg-ended  con- 
struction, externally  fire<l,  and  each  set  with  a  Hash  Hue.  The  length 
of  the  boiler  was  37  ft.,  its  diameter  G  ft.  G  ins.,  and  the  thickness  of 
the  plates  from  o-8ths  to  7-lGths-in. ;  while  the  safely  valve  was  loaded 
to  a  pressure  of  40  lbs.  per  s(|uare  inch,  which  was  by  no  means  ex- 
cessive for  a  boiler  of  such  dimensions.  It  rent,  as  is  so  usual  in  these 
cases,  through  the  line  of  rivet  holes  at  one  of  the  transverse  seams, 
starting,  in  the  first  instance,  at  the  bottom,  ami  then  running  round 
the  entire  shell,  and  thus  separating  it  into  two  pieces.  In  this  in- 
stance the  rupture  occurred  about  miil-way  in  the  length  of  the  boiler, 
the  firing  end  containing  five  widths  or  belts  of  plate,  and  being  about 
17  ft.  G  ins.  long,  and  tlie  chimney  end  containing  six  widths  of  plate, 
and  being  about  ID  ft.  G  ins.  long.  These  portions  of  the  boiler  Hew 
in  opposite  directions,  the  firjng  end  to  a  distance  of  about  170  yds. 
from  its  original  seat,  and  the  chimney  end  about  130  yards,  or  up- 
wards of  1-Gih  (»f  a  mile  apart. 

The  greater  portion  of  the  water  with  which  the  exploded  boiler 
was  fed  was  drawn  from  tlie  workings  of  the  pit,  and  was  of  »  sedi- 
mentary character  ;  while  it  was  pumped  into  tlio  boiler  c«)ld,  and,  in 
addition,  the  firing  appears  to  have  been  severe.  The.se  are  trying  con- 
ditions for  an  externally  fired  boiler,  and  it  is  not,  therefore,  surpris- 
ing that  the  seams  of  rivets  over  the  fire  gave  way  repeatedly  ;  indeed 
such  fre(|uent  repair  was  needed  that  as  much  as  .i'2un.  as  the  proprie- 
tor stateil  at  the  inquest,  had  been  expendeil  in  c msequence  on  two 
of  the  boilers,  though  «)nly  three  years  old,  the  third  one  being  new, 
and  not  as  yet  set  to  work.     Only  a  few  months   ago  the  exploded 
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boiler  had  been  newly  bottomed  at  the  furnace  end  for  about  half  Its 
length,  live  of  the  belts  or  widths  of  plate  at  the  part  over  the  fire 
having  been  renewed,  and  it  was  where  the  new  work  joined  on  to  the 
old  that  the  rent  commenced  ;  the  rent  running  from  rivot  hole  to  rivet 
hole  through  the  old  plate  which  formed  the  inner  overlap,  Avhile  the 
new  Avork  did  not  give  way.  This  rent  did  not  run  round  the  entire 
seam  of  rivets  instantaneously,  but  opened  for  a  short  distance  at  the 
bottom  in  the  first  instance,  and  remained  so  for  some  days  previous 
to  the  explosion.  The  attendants  became  aware  of  its  existence  from 
the  leakage  that  occurred,  and,  on  the  Sunday  previous  to  the  explo- 
sion, the  foreman  in  charge  of  the  boilers  got  inside  the  one  in  question 
and,  assisted  by  the  smith,  patched  it  in  the  following  way : — In  the 
first  instance,  they  drove  out  four  of  the  rivets,  then  laid  over  the  crack 
a  plate,  which  they  daubed  with  horse  dung,  in  order  to  make  good 
the  joint  and  stop  the  leakage,  fastening  the  plate  down  by  four  bolts 
passed  through  the  holes  in  the  shell  from  which  they  had  previously 
knocked  out  the  rivets.  In  this  plastered  state  the  boiler  worked  on 
from  the  Monday  morning  till  the  following  Saturday,  when  the  ex- 
plosion took  place. 

This  does  not  appear  to  have  been  the  first,  but  the  third  time  that 
this  system  of  patching  had  been  adopted  with  this  boiler,  the  identi- 
cal plate  used  in  this  instance  having  been  employed  before  for  the 
same  purpose,  the  foreman  stating  that  he  had  been  shown  how  to  do 
it  by  the  boiler-makers  when  previously  executing  some  repairs  at  the 
colliery. 

To  those  who  still  continue  the  use  of  these  externally  fired  boilers 
the  recommendations  previously  given  can  only  be  repeated,  viz  : — 

1st.  Heat  the  feed-water  before  its  introduction  to  the  boiler,  and 
disperse  it  by  means  of  a  perforated  pipe  carried  horizontally  for 
several  feet  near  to  the  surface  of  the  water,  and  thus  prevent  its  im- 
pingement on  any  particular  spot,  especially  near  the  firing  end. 

lid.  Where  the  water  is  at  all  sedimentary  an  efficient  blow-out  ap- 
paratus should  be  attached  and  regularly  used.  Surface  blowing  out 
by  means  of  a  scum  pipe  is  particularly  adapted  to  externally  fired 
boilers. 

3d.  Do  not  allow  the  flames  to  act  too  intensely  on  any  one  spot, 
but  spread  the  action  over  as  extended  a  surface  as  possible,  and  lower 
the  fire  bars  should  any  signs  of  distress  appear  at  the  seams  of  rivets. 

4th.  Have  a  spare  boiler,  so  that  defects  may  be  suitably  repaired 
immediately  on  detection,  and  the  boilers  regularly  cleaned  out  with- 
out the  necessity  of  Sunday  work,  a  practice  which  is  unadvisable 
though  regarded  only  from  an  engineering  point  of  view,  is  demoraliz- 
ing in  its  influence  upon  the  workmen,  and  expensive  to  the  steam 
user. 

5th.  With  regard  to  the  construction  of  the  boiler,  secure  good 
workmanship  and  material  in  the  first  instance.  It  is  a  mistake  to 
consider  that  externally  fired  boilers  are  better  for  being  made  of  thick 
plates.  Those  under  inspection  which  have  given  the  least  trouble 
have  not  been  more  than  three-eighths  of  an  inch  in  thickness,  and  it 
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is  thought  that  in  ])]ain  cylindrical  boilers  this  thickness  slioulil  not 
be  cxcco(le<l.  In  oftcctin^r  repairs,  as  well  as  in  the  firj-t  construction, 
the  rivet  holcF  should  be  brou;rht  fairly  one  over  the  other,  without  strain- 
ing, while  (Iril'ting  j-houhl  not  be  allowed.  Jn  pulling  in  new  plates  to 
old  boilers,  it  will  in  many  cases  be  advisable  to  cut  away  the  old  line 
of  rivet  holes  and  drill  new  ones;  while  the  new  work  should  rather 
1)0  thinner  than  the  old,  instead  of  being  thicker,  as  it  sometimes  is. 
These  are,  however,  but  ameliorative  measures;  while  it  is  thought  a 
more  radical  cure  anouM  be  found  in  condemning  these  plain  cylindri- 
cal externally  hrcd  boilers  altogether  antl  adopting  those  internally 
fired  in  their  place.  It  surely  is  no  argument  to  object  that  the  Lan- 
cashire type  of  boiler,  though  successfully  introduced  into  mills,  is 
inapplicable  to  colliery  pur])0scs  on  account  of  the  rough  usage  to 
which  it  would  be  exj)0se(l,  since  this  is  to  make  carelessness  its  own 
excuse,  and  to  j»ut  a  stop  to  all  imj)roviinent.  Although  it  can  scarcely 
be  necessary,  yet  it  may  perhaps  be  stated,  in  conclusion,  that  this 
Association  must  receive  the  co-operntion  of  its  members  if  it  is  to  pro- 
tect their  boilers  from  exjilusion,  and  all  its  responsibility  must  clearly 
cease,  if  between  the  times  of  its  periodical  inspection,  the  boilers  are 
allowed,  as  in  the  present  instance,  to  be  patched  and  plastered  with- 
out its  knowledge. 


Lecture  on  Light.     By  Professor  RoscoE. 

>ioni  the  Ix>ii<lo(i  Mrchnnirii'  Mainline,  SfplrmUT.  l^*Vl. 

]{<'«il  b»'fi)rc  tlic  IJrilisli  AsKociiitioii. 
The  light  emitted  by  burning  magnesium  wire  is  exceedingly  rich 
in  chemical  rays — so  much  so  that  tliis  light  may  be  used  instead  of 
sunlight  for  the  ]>urpose  of  photography.  As  an  illustration  of  this 
I  will  endeavor,  with  Mr.  Brother's  assistance,  to  take  a  ])hotograph 
of  our  President,  if  he  will  kindly  permit  me  to  do  so.  [^^ir  Charles 
Lyell  here  took  a  seat  in  front  of  the  white  board,  and,  by  the  light 
of  burning  magnesium  wire,  a  negative  was  takin,  from  which  a  print 
was  obtained  in  suflicicnt  time  to  enable  a  capital  positive  to  be  thrown 
upon  the  screen  by  the  aid  of  the  oxyhydrogcn  light  before  the 
audience  dispersed.  The  result  was  loudly  cheered.]  The  spectrum 
of  burning  magnesium  is  exceedingly  rich  in  violet  and  ultra-violet 
rays,  partly  due  to  the  incandescent  vapor  of  magnesia,  and  partly  to 
the  intensely  heated  magnesia  formed  by  the  combustion.  So  long 
ago  as  18.')i*  the  chemically  active  power  possessed  by  this  light,  com- 
pared with  that  of  the  sun,  was  determined,  and  the  use  of  this  light 
ior  the  purpose  of  photograjdiy  was  j)ropoied.  It  was  shown  that  a 
burning  surface  of  magnesium  wire,  which  seen  from  a  point  at  the  sea 
level,  has  an  apparent  magnitude  eijual  to  that  of  the  sun,  effects  on 
that  point  the  same  amount  of  chemical  action  as  the  sun  would  do  if 
shining  from  a  cloudless  sky  at  a  height  of  '.''.•  degs.  53  mins.  abovo 
the  horizon.  On  comparing  the  visible  brightness  of  these  two  sources 
of  light,  it  was  found  that  the  brightness  of  the  sun's  disk  as  measured  by 
the  eye,  is  0-4  times  as  great  as  that  of  burning  magnesium  when  tlie  sun  s 
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zenith  distance  is  67  clegs.  22  mins.;  -whilst  at  the  same  zenith  distance 
the  sun's  chemical  brightness  is  only  five  times  as  great.  Hence  the  value 
of  this  light  as  a  source  of  the  chemically  active  rays  for  photographic 
purposes  becomes  at  once  apparent.  In  the  memoirs  published  in  the 
above  year  it  is  stated  that  the  steady  and  equable  light  evolved  by 
magnesium  wire  burning  in  the  air,  and  the  immense  chemical  action 
thus  produced,  render  this  source  of  light  valuable  as  a  simple  means 
of  obtaining  a  given  quantity  of  chemical  illumination,  and  that  the 
combustion  of  this  metal  constitutes  so  definite  and  simple  a  source  of 
light  for  the  purposes  of  photo-chemical  measurement,  that  the  wide 
distribution  of  magnesium  becomes  desirable.  The  application  of  this 
metal  as  a  source  of  light  may  become  even  of  technical  importance. 
A  burning  magnesium  wire,  of  the  thickness  of  0-297  millimetre, 
evolves  as  much  light  as  74  stearine  candles,  of  which  5  go  to  the 
pound.  If  this  light  lasted  one  minute,  0-987  metre  of  wire,  weighing 
0-120  gramme,  would  be  burnt.  In  order  to  produce  a  light  equal  to 
74  stearine  candles  burning  for  20  hours,  Avhercby  about  20  lbs.  of 
stearine  is  consumed,  72-02  grammes  (two-and-a-half  ounces)  of  mag- 
nesium would  be  required.  The  magnesium  wire  can  be  easily  pre- 
pared by  forcing  out  the  metal  from  a  heated  steel  press  having  a  fine 
opening  at  bottom  ;  this  wire  might  be  rolled  up  in  coils  upon  a  spindle, 
which  could  be  made  to  revolve  by  clock-work,  and  thus  the  end  of  the 
wire  guided  by  passing  through  a  groove- or  between  rollers,  could  be 
continually  pushed  forward  into  a  gas  or  spirit  lamp  flame,  in  which  it 
would  burn. 

The  manufacture  of  this  metal  is  now  carried  on  under  Mr.  Son- 
stadt's  patent,  by  the  Magnesium  Metal  Company  of  Manchester,  anil 
the  light  evolved  by  the  burning  wire  is  likely  to  be  applied  to  very 
many  technical  purposes. 

Some  persons  are  sanguine  enough  to  believe  that  it  may  be  use<l 
for  illuminating  our  streets,  and  I  understand  that  the  gentlemen  who 
manufactured  the  metal  have  an  application  from  the  managers  of  the 
gas  works  at  llio  de  Janeiro,  who  seem  to  think  it  would  be  better  for 
them  there  to  light  with  magnesium  wire  instead  of  gas.  I  believe 
this  is  a  serious  proposal,  but  we  can  scarcely  expect  that  it  will  be 
carried  out  in  practice.  In  conclusion,  I  have  only  to  thank  you  for 
the  very  kind  Avay  in  which  you  have  listened  to  me. 

Tyr^    

-  Oun  Cotton. 

From  the  London  Mechanics'  Magazine,  September,  1864. 

Messrs.  Pelouze  and  Maurey,  in  a  memoir  presented  at  the  last 
meeting  of  the  Paris  Academy  of  Sciences,  state  it  as  their  opinion, 
derived  from  a  long  and  careful  investigation  of  the  subject  of  gun 
cotton,  that  that  explosive  compound,  if  now  better  known  as  far  as 
its  composition,  mode  of  production,  and  properties  are  concerned,  is 
still,  with  regard  to  its  employment  in  fire-arms,  in  the  same  position 
as  it  was  in  1846.  "Nothing,  in  fact  authorizes  us  to  believe  that 
it  is  possible,  in  the  present  state  of  our  knowledge,  either  to  prevent 
its  spontaneous  combustion  or  to  correct  in  a  practical  manner  it  lia- 
bility to  burst  the  weapons  at  present  used  for  gunpowder." 
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On  Machinerji  for  the  Manufacture  of  Plate  Gla*9.     By  Mr. 
(jkouue  11.  Dauli.'^ii,  of  St.  Helen's. 

From  NVwUiD'a  lymdoo  Joamal  of  ArU,  JuIt,  WA. 

Within  the  last  ten  years  the  production  of  plate  glass  in  Englan  1 
}ia9  been  »jiiii<lrupk'<l,  whiljit  in  the  ?aine  time  the  price  has  been 
«liminishe<l  fully  one-half.  The  present  extent  of  the  manufacture  in 
this  country  is  about  85,000  Sfjuare  feet  per  week,  whilst  about  12,000 
square  feet  per  week  of  foreign  plate  glass  is  imported.  The  foreign 
glass  has  obtained  a  preference,  from  its  superior  lightness  of  color, 
which  arfpcs  from  the  greater  purity  of  the  materials  that  it  is  made  of, 
particularly  with  regard  to  the  sand,  of  which  the  foreign  makers  have 
an  abundant  supply,  of  great  purity  and  light  color,  as  seen  from  the 
exhibited  specimens  of  English  nncl  foreign  sand. 

Under  the  intluence  of  competition,  the  English  manufacturers  have 
lately  commenced  an  extensive  course  of  experiments,  with  the  view  of 
improving  the  quality  of  their  plate  glass,  and  also  reducing  the  cost  of 
manufacture;  and  in  some  instances  very  decided  success  has  thus  far 
been  the  result.  In  order  to  accomplish  these  objects,  the  sand  em- 
ployed at  the  British  Plate  CJlass  Works  at  Ravenhead,near  St.  Helen's, 
is  now  imported  from  France  ;  and  every  precaution  is  adopted  to  en- 
sure as  far  as  possible  the  chemical  purity  of  the  other  ingredients  of 
the  glass.  At  these  works,  also,  two  of  Mr.  Siemen's  regenerative  gas 
furnaces  have  been  erected  for  melting  the  materials ;  and,  frian  the 
absence  of  smoke  and  dust  in  them,  and  the  facilitits  they  afford  for 
regulating  the  heat,  these  furnaces  have  contributed  greatly  to  the 
desircfl  results.  Uinler  these  altered  circumstances,  the  glass  novv 
manufactured  is  fully  etjual  to  the  best  samples  of  the  French  pro- 
duction. 

As  time  is  raonc}',  any  improvement  which  tends  to  expedite  the 
manufacture  of  glass  is  of  importance.  This  is  strongly  exemplified  in 
the  process  of  annealing.  After  the  materials  have  undergone  the 
process  of  melting  in  the  furnace,  and  are  considered  in  a  fit  state  for 
casting,  the  pot  containing  the  melted  mass  is  taken  to  the  castin;; 
table,  and  its  contents  poured  out  on  one  end  of  the  table,  in  front  of 
a  large  cast  iron  roller;  the  material  is  then  spread  out  by  passing  the 
roller  over  the  surface  of  the  table;  the  thickness  of  the  plate  of  glass 
being  regulated  by  strips  of  iron  place*'  a^  .ng  each  side  of  the  table, 
on  which  the  ends  of  the  roller  run.  As  soon  as  the  plate  of  glass  is 
sulhciently  solidified  to  bear  removal,  it  is  introduced  into  an  annealing 
oven,  there  to  be  gradually  reduced  in  temperature  or  *' annealed," 
until  it  is  fit  to  be  exposed  to  the  atmosphere  without  risk  of  fracture. 
This  process  of  annealing  used  formerly  to  occupy  upwards  of  a  fort- 
night; but,  from  the  improved  arrangement  and  construction  of  the 
annealing  oven,  it  is  now  completed  in  four  days.  Thus  three  times 
the  quantity  of  glass  can  now  be  annealed  in  each  oven,  compared  with 
what  was  formerly  considered  possible ;  and  conse«iuently  a  large  outlay 
in  building  and  in  space  has  been  saved,  since  onlv  one  layer  of  plates 
can  be  placed  in  the  oven  at  one  time;  no  method  of  piling  the  plnic3 
Vol.  XLVIII.— TuiKD  SiBiia.— >'o.  C— Dicimukr,  1804.  U4 
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being  considered  practicable,  or  even  safe.  The  cliemical  dijfBculties 
and  manipulation  in  producing  the  raw  material  have  thus  been  very 
satisfactorily  overcome ;  but  the  problem  of  carrying  out  the  necessary 
improvements  in  the  subsequent  mechanical  operations  has  not  perhaps 
been  so  completely  solved,  though  considerable  strides  have  been  made 
in  that  direction  also. 

The  plates  of  glass,  when  taken  from  the  annealing  ovens,  arc  ex- 
ceedingly irregular,  particularly  on  the  surface  which  has  been  upper- 
most in  the  process  of  casting, — that  surface  being  undulated  or  wavy 
after  the  passage  of  the  roller  over  it  whilst  in  a  semi-fluid  state ;  the 
lower  side,  too,  is  affected  by  any  irregularities  on  the  surface  of  the 
casting  table,  and  also  to  some  extent  by  the  floor  of  the  annealing 
oven ;  and  both  sides  of  the  plates  are  also  covered  with  a  hard  skin, 
semi-opaque.  The  plates  vary  in  size,  the  largest  being  about  17  feet 
long  by  y|-  feet  wide,  and  the  thickness  varies,  according  to  the  size, 
from  f-inch  to  |-inch.  The  first  process  to  which  the  pUUes  are  sub- 
mitted is  that  of  grinding,  to  take  off  the  hard  skin  and  reduce  the 
surface  to  a  uniform  plane,  which  is  performed  by  the  application  of 
sand  and  water.  The  second  process  is  that  of  smoothing,  which  is  a 
continuation  of  the  first  process,  but  performed  with  emcr}'-  of  seven 
different  degrees  of  fineness,  so  as  to  prepare  the  surface  of  the  glass 
for  the  final  process  of  polishing.  This  last  process  is  effected  by  the 
use  of  oxide  of  iron  employed  in  a  moist  state. 

The  machine  in  general  use  for  grinding  is  that  which  was  originally 
employed  at  the  commencement  of  the  glass  manufacture,  and  is  be- 
lieved to  have  been  designed  by  James  Watt.  It  is  known  by  the 
name  of  the  "  fly-frame,"  machine.  It  consists  of  two  benches  of  stone, 
sufficiently  large  to  hold  a  plate  of  glass,  and  placed  about  12  feet 
apart :  on  these  benches  the  plates  of  glass  are  fixed  by  plaster  of  Paris. 
Each  bench  has  a  runner  frame  made  of  wood,  about  8  feet  long  by  4|- 
feet  wide,  shod  on  the  under  side  with  plates  of  iron  about  4  ins.  broad 
and  ^-inch  thick,  and  provided  with  a  strong  wrought  iron  stud  on  the 
upper  side,  by  which  it  is  moved  about  over  the  surface  of  the  glass. 
The  gearing  for  driving  these  two  runner  frames  is  placed  between  the 
two  benches,  and  consists  of  a  square  cast  iron  fly  frame,  with  two  flat 
bars  hinged  to  it  on  opposite  sides,  extending  over  each  bench,  and 
suspended  from  the  roof  by  long  chains,  so  as  to  allow  them  to  radiate 
freely  in  every  direction:  this  is  called  the  "fly  frame,"  from  the 
peculiar  motion  given  to  it,  and  each  of  the  runner  frames  is  connected 
to  it  by  a  central  stud  working  loosely  in  the  slot  between  the  flat  bars. 
The  fly  frame  receives  its  motion  from  an  upright  spindle,  which  is 
driven  from  the  main  line  of  shafting  by  a  pair  of  bevil  wheels,  with  a 
friction  clutch  for  throwing  in  and  out  of  gear.  On  the  top  of  the 
spindle  is  a  wrought  iron  arm  or  crank  carrying  a  movable  stud,  which 
works  in  a  bush  in  the  centre  of  the  fly  frame.  Round  the  centre 
spindle  are  also  four  other  spindles,  equidistant  from  the  centre  spindle 
and  from  one  another,  each  carrying  on  the  top  a  wrought  iron  crank 
arm,  with  movable  stud,  similar  to  the  centre  one :  these  studs  seve- 
rally work  in  bushes  at  each  corner  of  the  fly  frame.     Hence,  when 


Machinery  for  the  Manufacture  of  Plate  Glass.  ^^09 

motion  is  jrivon  to  the  centre  spindle,  the  flj  frame  is  carried  round  by 
tlic  Ptiid  on  tlif  cr;uik  arm,  while  its  sides  are  always  kept  parallel  to 
their  ori;;inal  position  l»y  the  four  corner  crank?*.  The  two  runner 
frames,  beinf^  connected  by  their  central  stud  to  the  arms  of  the  fly 
frame,  receive  the  same  circular  motion  as  tlje  fly  frame  ;  but  at  thf 
same  time  they  are  left  free  to  revolve  round  their  own  centres,  which 
thev  do  in  a  irreater  or  lo'^s  dcrree,  according  to  the  varvin^  friction  of 
the  ^riiidin;;  surfaces.  Tlic  frrindin;:  motion  being  thus  obtained,  sand 
and  wator  arc  constantly  applied,  until  the  surface  of  the  (»lass  is  found, 
upon  examination,  to  be  free  from  all  defects;  the  sand  is  then  washol 
off  the  ;^lass,  and  the  first  stage  of  the  smoothing  process  is  commenced 
on  the  same  inacliino,  by  substituting  the  coarser  qualities  of  emery  in 
place  of  the  sand.  The  plate  of  glass  is  then  removed  from  the  bench, 
turned  over  and  replaced  on  the  beneii,  and  submitted  to  the  same  pro- 
cess on  the  other  side.  The  spee<l  at  which  the  tly  frame  is  driven  is 
nbout  forty  revolutions  per  minute.  As  the  runner  frame  is  not  suffi- 
ciently large  to  act  upon  the  entire  surface  of  a  large  plate  of  glass  at 
one  time,  it  is  necessary  to  divide  the  operation,  and  shift  the  position 
of  the  runner  frame  as  tlio  work  requires  it,  by  inserting  the  centre 
ptud  of  tiie  runner  frame  in  a  diflerent  portion  of  the  slot  between  the 
fly  frame  bars. 

Until  the  last  few  years,  the  principal  part  of  the  operation  of 
Rmoothing  was  effected  by  manual  labor, — the  operation  being  per- 
formed by  rubbing  two  pieces  of  glass  together,  and  applying  emery 
])owder  between  them,  (treat  care  is  requisite,  as  the  work  approaches 
completion,  that  no  scratching  shall  take  place ;  and  it  is  on  this  account 
that  hand  labor  is  considered  absolutely  necessary  for  finishing  the  pro- 
cess, the  slightest  scratch  being  immediately  felt  by  a  practised  hand, 
whilst  a  single  stray  particle  of  grit  on  a  machine  would  spoil  the  whole 
surface  before  it  was  perceived.  About  ISoT  Mr.  Crossley  introduced 
a  machine  for  smootiiing  the  plates  of  glass,  whieh  so  far  sueceeded,  that 
the  nicety  of  the  hand-touch  is  only  required  for  the  final  part  of  the 
operation.  This  smoothing  machine  is  exccetlingly  simple  and  inex- 
pensive. It  consists  of  a  long  wooden  bar,  connected  at  one  end  to  a 
crank  on  an  upright  spin<lle,  and  extentling  over  tlio  stone  bench  on 
which  tlie  plate  of  glass  is  laiil:  two  runner  frames  of  wood  are  attached 
to  the  bar,  and  on  the  under  side  of  each  frame  is  fixed  another  jjlate 
of  glass  ;  these  are  then  laid  upon  the  glass  on  the  bench.  In  this  case 
the  runner  frames  are  only  allowed  to  partake  of  the  motion  given  to 
them  by  the  bar,  and  are  not  left  free  to  revolve  round  their  own  centres, 
as  in  the  grinding  operation  previously  described.  The  centre  of  the 
bar  between  the  two  runner  frames  is  kept  in  position  by  a  ratlius  rod 
secured  to  a  fixed  bracket  on  one  side  of  the  bench,  at  right  angles  to 
the  direction  of  the  bar.  The  crank  being  set  in  motion,  the  bar  and 
runner  frames  receive  a  movement  somewhat  similar  to  the  figure  8, 
whieh  is  very  similar  to  the  motion  given  in  manual  labor.  One  ad- 
vantage of  this  machine  is,  that  two  surfaces  of  glass  arc  finished  at 
one  operation.  The  space  between  the  two  runner  frames  is  found  very 
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convenient  for  applying  the  emery,  and  also  ascertaining  the  progress 
of  the  work,  -without  having  to  stop  the  machine. 

The  machinery  used  in  the  polishing  process  remains  the  same  in 
principle  as  that  originally  constructed  for  the  purpose.  Each  ma- 
chine consists  of  a  strong  cast  iron  frame,  about  eighteen  feet  long  by 
ten  feet  "wide,  containing  a  series  of  small  rollers,  upon  which  is  placed 
a  wooden  table  with  two  racks  on  the  under  side ;  suitable  gearing  is 
connected  to  these  racks,  to  give  the  table  a  slow  alternate  lateral 
motion,  so  as  to  bring  every  part  of  the  plate  of  ghiss  under  the  action 
of  the  rubbers  or  polishers.  The  plates  of  glass  are  fixed  upon  the  table 
by  plaster  of  Paris,  and  the  ends  of  the  table  move  between  slide  blocks 
secured  to  the  main  frame,  so  as  to  prevent  the  action  of  the  rubbers 
from  displacing  it.  The  rubber  blocks  are  pieces  of  wood,  covered  with 
felt,  and  provided  with  a  central  spindle  and  adjustable  weiglits,  to 
regulate  the  amount  of  friction  ;  a  number  of  these  blocks  are  secured 
to  two  movable  bars,  running  on  rollers,  at  each  end  of  the  table,  and 
driven  by  a  short  shaft,  with  cranks  at  the  ends,  set  at  right  angles  to 
each  other.  The  rubber  blocks  are  thus  worked  transversely  to  the 
motion  of  the  table  ;  and  by  applying  the  polishing  powder  in  a  liquid 
state,  the  surface  of  the  glass  is  gradually  brought  up  to  the  requisite 
degree  of  polish,  both  sides  of  the  plate  successively  being  subjected 
to  the  same  operation. 

About  1857,  experiments  were  commenced  at  the  British  Plate  Glass 
"Works  at  Ravenhead,  with  an  entirely  different  class  of  machinery  for 
grinding  and  smootliing  plate  glass,  with  the  object  of  increasing  the 
production,  reducing  the  cost,  and  also  completing  the  process  of 
smoothing  upon  the  same  machine  on  which  the  glass  is  ground,  so  as 
to  obviate  the  necessity  of  a  separate  machine  for  smoothing,  and  also 
save  the  expense  and  loss  of  time  in  removing  and  refixing  the  plates 
of  glass.  The  new  grinding  and  smoothing  machine  consists  of  a 
revolving  table,  twenty  feet  diameter,  fixed  upon  a  strong  cast  iron 
spindle,  and  running  at  an  average  speed  of  twenty-five  revolutions  per 
minute,  driven  through  an  intermediate  upright  shaft  from  the  main 
line  of  sliafting  by  a  pair  of  bevil  wheels,  and  friction  cone,  for  throwing 
in  and  out  of  gear.  This  arrangement  of  gearing  for  driving  the  table 
was  made  by  Mr.  Da^lish,  and  was  adopted  in  order  to  obtain  a  spindle 
for  the  table  of  a  length  equal  to  the  semi-diameter  of  the  table,  and 
at  the  same  time  to  keep  the  main  line  of  shafting  continuous  for  driv- 
ing a  series  of  tables  in  one  room.  Over  the  top  of  the  table  a  strong 
timber  bar  is  fixed,  about  ten  inches  from  its  surface ;  and  on  the  two 
opposite  sides  of  this  bar  are  bolted  two  notched  plates  of  cast  iron, 
one  on  each  side  of  the  centre  of  the  table.  The  notches  are  for 
receiving  the  centre  studs  of  the  runner  franies,  which  are  very  similar 
to  those  used  on  the  old  class  of  machinery  ;  and  the  runners  can  thus 
readily  be  moved  nearer  to  or  further  from  the  centre  of  the  table,  as 
circumstances  require,  by  shifting  the  stud  into  a  different  notch.  The 
only  motion  which  these  runner  frames  have  is  round  their  own  centres, 
and  this  is  given  to  them  by  the  excess  of  friction  on  the  side  furthest 
from  the  centre  of  the  table  over  that  on  the  side  nearest  to  the  centre, 
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tills  excess  being  caused  by  the  greater  velocity  of  the  portion  of  the 
table  further  from  the  centre.  It  is  evident  that  the  amount  of  grind- 
ing action  is  considerably  greater  on  this  machine  than  upon  the  old 
one,  both  from  the  increased  velocity  of  the  runner  frames  themselves, 
and  also  from  the  double  amount  of  movement  obtained  by  the  revolu- 
tion of  the  table  and  the  runner  frames.  The  idea  of  driving  the 
runner  frames  theiaselves,  as  well  as  the  table,  was  conceived  at  an 
early  stage  of  the  experiment;  but  on  being  put  to  the  test,  it  was 
found  that  the  unaided  movement  of  the  runner  frames  adapted  itself 
to  the  work  to  be  performed  far  better  than  any  compulsory  motion 
could  do.  It  has  also  the  advantage  of  leavinj;  the  surface  of  the  tablo 
free  and  unencumbered  with  any  machinery,  and  consequently  facili- 
tates the  operation  of  laying  and  removing  the  plates  of  glass  :  the 
whole  of  the  driving  machinery  is  also  covered  over,  and  thus  pro- 
tected from  the  injurious  elTccts  of  the  sand  and  water  thrown  off  from 
the  edge  of  the  table  in  working. 

This  machine  has  been  found  to  answer  equally  well  for  smoothing 
as  for  grinding  ;  and  this  is  perhaps  its  must  successful  feature  in  a 
commercial  and  economical  point  of  view.  ]}oth  these  processes  are 
now  completed  on  it  at  the  Uavenhead  Glass  Works;  the  finishing 
portion  of  the  smoothing  operation  alone  being  effected  by  manual 
labor  for  the  reasons  before  stated.  The  plates  of  glass  being  gene- 
rally oblong  in  form,  it  was  found  that  the  machine  in  its  original 
shape,  having  a  circular  table  for  carrying  the  glass,  entailed  consider- 
able waste  in  filling  up  the  area  of  each  table  for  grinding;  and  it  was 
then  determined  to  alter  the  shape  to  that  of  an  unequal-sided  octagon, 
or  square  with  the  corners  taken  off.  No  difficulty  has  been  expe- 
rienced in  the  process  of  grinding  from  this  alteration  in  form,  whilst 
the  amount  of  waste  in  making  up  the  tables  has  been  considerably 
reduced,  and  greater  facilities  are  obtainetl  for  grinding  large  plates. 
The  amount  of  wear  and  tear  on  tins  machine  has  been  found  to  be  very 
small  in  comparison  with  the  old  machines,  owing  to  the  small  number 
of  working  parts,  the  large  extent  of  bearing  surface,  the  smoothness 
of  the  motion,  and  the  complete  balancing  of  the  table.  The  quantity 
of  glass  finished  upon  one  of  these  machines  per  week  is  from  1200  to 
1500  square  feet,  which  is  about  one-third  mure  than  the  old  machines 
are  capable  of  doing,  due  allowance  being  made  for  the  diflference  of 
area  in  them. 

The  first  point  to  which  attention  should  be  directed  for  working 
out  further  improvements  is  the  method  adopted  in  casting  the  plates 
of  glass,  and  the  machinery  eniployed  to  carry  out  the  j)rucess.  It  has 
been  stated  that  the  plates  of  glass  in  their  rough  state  are  verv  irre;:u- 
lar,  so  much  so  that  about  40  per  cent,  of  the  glass  is  ground  away  in  the 
subsequent  processes,  which  is  a  serious  waste  of  material,  and  entails 
a  great  expenditure  of  time  and  material  in  the  process  of  grinding  ;  it 
is  therefore  worthy  of  consideration,  whether  some  improvement  may 
not  be  carried  out  in  this  direction  by  obtaining  the  plates  of  glass 
smoother  in  the  first  instance.  The  grinding  and  smoothing  operations 
are  believed  to  be  now  improved  upon  the  previous  practice,  though 
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there  is  no  doubt  room  for  further  practical  suggestions  and  appliances. 
The  polishing  process  has  been  tried  to  a  limited  extent  on  the  revolv- 
ing table  last  described,  but  without  any  practical  advantage:  the  pre- 
sent system  is,  no  doubt,  theoretically  correct,  as  the  action  of  the 
rubbers  is  regular  and  uniform  over  the  whole  surface  of  the  glass,  thus 
keeping  up  a  uniform  temperature;  but  some  motion  producing  a  con- 
tinuous movement  of  the  rubbers,  instead  of  the  present  alternate 
movement,  would  no  doubt  reduce  the  wear  and  tear,  and  require  less 
power,  and  would  probably  also  be  found  capable  of  a  higher  velocity, 
resulting  in  an  increase  of  production,  provided  the  other  requisite 
conditions  of  the  process  were  complied  with. 

Mr.  Windus  exhibited  specimens  of  the  plate  glass  from  the  several 
stages  of  the  manufacture,  in  the  rough  state  after  casting,  and  after 
c  ach  of  the  processes  of  grinding,  smoothing,  and  polishing.  He  also 
Fhowed  specimens  of  plate  glass  made  from  English  and  from  French 
v^and,  together  with  the  samples  of  the  sand  from  which  they  were 
made,  showing  the  lighter  color  and  greater  purity  of  the  French 
f?and. 

Mr.  F.  J.  Bramwell  observed  that  reference  had  been  made  in  the 
paper  to  the  highly  satisfactory  working  of  Mr.  Siemen's  regenerative 
gas  furnace,  as  applied  for  melting  the  materials  to  make  the  glass  at 
the  Ravenhead  Works:  he  had,  as  engineer  to  the  company,  recom- 
mended the  adoption  of  that  furnace  for  the  purpose,  being  convinced 
of  the  great  advantages  that  would  be  found  to  attend  its  use,  and  the 
first  furnace  on  that  construction  had  now  been  in  constant  work  for 
fifteen  months,  and  a  second  and  larger  furnace  had  been  erected  in 
May  last,  which  had  also  been  in  constant  work  since  that  time.  These 
furnaces,  he  believed,  left  nothing  to  be  desired  as  far  as  regarded  the 
melting ;  but  in  other  respects  he  thought  the  process  of  making  plate 
glass  was  at  present  in  a  most  unsatisfactory  position,  and  some  im- 
provements seemed  to  be  much  wanted  in  the  mechanical  contrivances 
used  in  the  manufacture,  though  he  must  admit  it  was  more  easy  to 
make  that  assertion  than  to  show  how  the  improvements  were  to  be 
effected.  A  serious  objection  to  the  present  arrangement  was  the 
great  amount  of  handling  that  the  plates  of  glass  had  to  undergo  in  the 
several  processes,  which  was  evidently  an  important  point  when  it  was 
considered  that  the  large  plates  fetched  a  higher  price  per  square  foot 
than  smaller  ones,  and  therefore  it  was  desirable  to  avoid  the  risk  of 
having  to  cut  up  large  plates  into  smaller  sizes  on  account  of  fractures. 
Under  the  present  methods,  however,  the  risk  of  fracture  was  great, 
from  the  number  of  times  the  plates  were  handled :  on  leaving  the 
annealing  oven,  the  plate  was  handled  once  in  conveying  it  to  the 
grinding  machine  and  bedding  it  there,  and  afterwards  a  second  time 
in  turning  it  over  for  grinding  the  second  side ;  and  similarly  it  had 
to  be  twice  handled  for  each  of  the  subsequent  processes  of  smoothing 
and  polishing, — making  six  times  of  handling  altogether  before  the 
plate  of  glass  was  finished  on  the  machines ;  after  which  it  had  ^still 
to  be  twice  handled  in  the  final  operation  of  hand  cleaning.  All 
these  processes,  he  considered,  ought  to  be  effected  Tyithout  more  thaa 
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twice  laying  the  plate, — once  for  each  side ;  or  even  without  laying 
the  plate  at  all,  by  working  on  both  sides  of  it  simultaneously:  and  in 
this  respect,  therefore,  he  tliougiit  there  was  a  wide  field  open  for  im- 
provements in  the  plate-glans  manufacture. 

The  revolving  grinding  table  that  had  been  described  was  a  decided 
improvement  upon  the  old  ily  frame  grinding  machine,  since,  in  all 
mechanical  operations,  it  was  better  to  get  rid  of  a  reciprocating  action 
wherever  practicable,  an<l  replace  it  by  a  continuous  circular  motion. 
The  new  construction  of  grinding  table  was  preferable  to  the  old 
grinding  benches,  on  account  of  its  protecting  all  the  machinery  below 
it,  so  that  the  working  parts  and  bearings  were  not  exposed  to  injury 
from  the  grit  thrown  off  profusely  from  the  grinding  table.  A  further 
advantage  was  the  large  size  of  the  table,  twenty  feet  diameter,  which 
afforded  room  for  working  on  the  whole  surface  of  a  large  plate  of 
glass  at  once. 

A  serious  cause  of  loss  at  present  in  the  manufacture  was  the  very 
large  proportion  of  the  glass  that  had  to  be  removed  in  the  process  of 
grinding  in  order  to  obtain  a  level  surface  of  the  glass.  The  undula- 
tions on  the  surface  of  the  plates  before  grinding  could  not,  he  con- 
sidered, be  produced  by  the  roller  on  the  casting  table,  as  had  been 
suggested,  because  the  roller  was  of  great  weight  and  was  move<l  for- 
wards steadily,  running  at  each  end  on  a  smooth  strip  of  iron  laid 
along  each  side  of  the  casting  table,  by  which  the  thickness  of  the 
plate  of  glass  was  determined  :  the  surface  of  the  glass  appeared  level 
before  the  plate  was  put  into  the  annealing  oven.  The  undulations, 
after  annealing,  were  not  in  parallel  furrows  across  the  plates,  but 
were  in  the  form  of  hills  and  hollows,  altogether  irregular  in  size  and 
position.  It  therefore  appeared  that  the  glass,  in  annealing,  must 
contract  irregularly,  causing  this  uneveness  of  the  surface,  particular- 
ly on  the  side  which  had  laid  uppermost  in  the  annealing  oven  ;  in 
consequence  of  which  a  large  proportion  of  the  glass  had  to  be  ground 
away  as  waste,  in  order  to  obtain  a  level  surface.  In  the  old  anneal- 
ing ovens,  the  plates  had  to  be  left  a  long  time  till  the  oven  had  cool- 
ed down  of  itself ;  but  the  ovens  were  now  built  with  air  channels 
under  the  be<l,  through  which  a  current  of  cold  air  passed  ;  so  that  the 
heat  was  reduced  as  (juickly  as  was  jtracticable  without  injury  to  the 
glass,  whereby  a  great  saving  of  time  was  effected.  No  method,  how- 
ever, had  yet  been  devised  for  laying  the  plates  one  on  another  in  the 
annealing  oven,  and  consequently  a  large  area  of  surface  was  required 
in  the  ovens,  in  order  to  lay  them  all  separately,  some  of  the  ovens 
being  as  much  as  fifty  feet  long,  for  tlie  purpose  of  annealing  six  large 
plates  of  glass  at  a  time.  The  ovens  were  well  designed  for  uniformi- 
ty of  heat  in  all  parts,  notwithstanding  their  great  size. 

Mr.  K.  Pilkington  thought  the  reason  of  the  uneven  surface  pro- 
duced on  some  of  the  glass  plates  in  annealing  was.  that  the  oven  was 
made  too  hot  for  the  first  plates  that  were  put  into  it,  in  order  that  it 
might  be  hot  enough  for  the  last  ones  ;  and  consequently  the  earlier 
plates  had  not  become  sulhciently  set  with  a  uniform  degree  of  hard- 
ness before  going  into  the  oven.     The  glass  certainly  went  into  the 
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oven  quite  smooth,  and  the  unevenness  must  therefore  arise  in  the 
annealing.  At  the  St.  Helen's  Plate  Glass  Works  they  made  what 
■was  known  as  Hartley's  plate,  fluted  plates  of  glass,  half-inch  thick, 
and  these  were  annealed  by  being  piled  on  the  edge  in  a  vertical  an- 
nealing oven,  as  they  were  strong  enough  to  stand  on  the  edge  in  con- 
sequence of  their  corrugated  form.  A  plan  had  also  been  tried  of 
laying  the  flat  plates  one  upon  another  in  the  annealing  oven,  by  means 
of  a  lowering  table  in  the  oven ;  but  the  objection  to  this  plan  was, 
that  if  the  plates  were  at  all  too  hot,  they  stuck  together,  and  could 
not  be  separated  again  without  breaking. 


On  the  Supposed  Nature  of  Air  prior  to  the  Discovery  of  Oxygen. 
By  George  F.  Rodwell,  F.C.S. 

rrom  the  London  Chemical  News,  No.  233. 
(Continued  from  page  325.) 

6.  Thomas  Hohhes. — On  the  discovery  of  the  Torricellian  vacuum, 
philosophers  became  divided  into  two  sects,  called  respectively  "  Vacu- 
ists"  and  "Plenists,"  the  former  maintaining  that  a  vacuum  was  pos- 
sible and  capable  of  being  obtained  by  certain  physical  processes,  the 
latter  that  the  world  was  everywhere  full,  and  the  production  of  a 
vacuum  impossible.  Among  the  Vacuists  were  Otto  von  Guericke, 
Pascal,  Boyle,  and  the  greater  number  of  the  experimental  philoso- 
phers who  were  in  the  habit  of  meeting  at  Gresham  College  for  the 
discussion  of  scientific  matters  ;  and  among  the  Plenists  were  Marsen- 
nus,  Noel,  Thomas  Hobbes,  Franciscus,  Linus,  and  the  Cartesians : — 
of  these  latter  Boyle  writes  "the  subtilest  and  wariest  champions  for 
a  plenum  I  have  yet  met  with." 

We  have  previously*  spoken  of  Noel  and  Marsennus,  and  we  have 
now  to  consider  the  opinions  of  Thomas  Hobbes. f 

Of  the  theological  and  mathematical  writings  of  Hobbes  I  can  have 
nothing  to  say  here,  but  I  consider  that  views  put  forward  in  his  phi- 
losophical treatises,  in  so  far  as  they  relate  to  the  air,  are  far  less  ad- 
vanced than  those  of  his  contemporaries — less  advanced,  indeed,  than 
those  of  many  of  the  ancient  philosophers  who  preceded  him  by  nearly 
twenty  centuries.  Although  intimately  acquainted  with  Bacon  an  Gali- 
leo, the  fathers  of  experimental  philosophy,  he  was  himself  no  experimen- 
tal philosopher,  but  he  preferred  to  prove  his  assertions  by  reasoning 
rather  than  by  well  founded  observation  and  experiment.  He  depre- 
cated the  trying  of  experiments,  and  was  specially  bitter  against  the 
recently  formed  Society  of  Experimental  Philosophers,  the  object  of 
which  was  to  do  away  with  the  baseless  structure  of  the  old  specula- 
tive philosophy  and  to  found  a  new  philosophy  resting  on  a  solid  ex- 
perimental basis. 

The  language  which  Hobbes  employs  in  controversy  abounds  with 
vituperation,  and  is  in  every  way  utterly  unbecoming  a  philosopher. 
His  arguments  are  frequently  puerile  and  without  weight,  and  the 
*  See  the  third  of  these  papers,  Chem.  New?,  vol.  viii.,  p.  246. 
t  Born  1588.     Died  1679. 
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objections  which  ho  ur^cs  in  or<lcr  to  prove  the  falhicy  of  a  theory  or 
experiment  nre  often  paltry  find  triflin;;.  In  the  foHowing  words*  ho 
;i(hlre.sse3  l)r.  Ward  and  J>r.  Wallis,  who  had  opp'i.sc<i  i-otne  of  liis 
views: — "IJut  I  licre  dismiss  you  both  together.  80  go  your  ways, 
you  uncivil  Ecclesiastics,  inhumane  Divines,  Dedoctors  of  morality, 
unusinous  Colleafrues,  e<:jref;ioMs  pair  of  Issaehars,  most  wretched 
A  indiccsf  and  Iinlices  Acadciiiiarum,  and  remeinher  Vespasian's  law, ^ 
tliat  it  id  uncivil  to  j^ive  ill  lan;^ua;^e  first,  but  civil  and  lawful  to  re- 
turn it. 

Ilobbes  himself  did  not  always  remember  the  first  sentence  of  tlie 
law,  but  assuredly  he  never  forpot  the  last ;  it  is  right  to  add,  how- 
ever, that  the  learned  Savilian  prufcssors  were  by  no  means  so  tolerant 
in  the  controversy  as  they  might  have  been,  and  although  they  did 
not  make  use  of  such  contumelious  epithets  as  Ilobbcs  employs,  r  " 
occasionally  made  rather  (jfl'ensive  puns  on  his  name: — it  is  cur;  :-, 
in  a  treatise  devoted  to  the  explanation  of  some  problem  in  the  higher 
mathejnatics,  to  find  such  words  as  "/loA-goblin." 

Iloblics  <liil  not  turn  his  attention  to  natural  philosophy  till  some- 
Avhat  late  in  life  ;  his  adoption  of  the  views  of  the  IMenists  may  pro- 
bably be  accounted  for  by  the  fact  that  he  was  well  ac<|uainted  with 
Mersennus  and  Des  Cartes,  two  of  the  most  notorious  of  the  IMenists. 
In  some  of  his  physical  views  he  was  almost  a  Cartesian. 

Ilobbes  did  not  admit  the  condi-nsation  or  rarefaction  of  matter  : 
be  believed  the  whole  worbl  to  be  full,  and  that  it  could  not  be  fuller 
than  full  or  less  full  than  full. 

He  conceived  that  the  air  consists  of  an  ethereal  substance  extend- 
ing as  far  as  the  sun,  in  which  ether,  myriads  of  hard  atoms  possessing 
simple  circular  motion  of  their  own,  move  ;  these  atoms  exist  in  greater 
quantity  near  the  surface  of  the  earth  than  at  some  distance  above  it. 
He  denied  that  the  air  possesses  either  weight  or  elasticity.  "  L  tra- 
fjue  ilia  j)hantasia,"  he  writes,  "turn  gravitatis  atmosphmriv,  turn  vis 
elasticic  sive  antitupi:vvj  aeris,  somnium  erat." 

Ilobbes  adduces  a  very  simple  experiment  to  prove  the  universality 
of  a  IMenum,  an  experiment  for  the  production  of  which  there  was  re- 
tjuirctl  neither  exjtensive  apjKiratus  nor  careful  manipulation,  for  the 
sole  apparatus  was  a  gardener's  watering-pot,  and  the  experiment  was 

*  Spo  "  Lessons  on  tli<>   l'riiui|>lo«  of  (tconiotry,  to  tbo  E:jr«»;;ioii<   V 
tlic  Mnthoimitios,  ono  of  <Jf>oniotry,  tho  otlior  of  Astronomy,  in  tli»'  t'hni: 
tlio  nolilo  nnd  lonrnod  ^^^r  llunry  Siivilo  in  tho  Univorsily  of  Oxford.  "     !.•  --     i  *.  . 
"On  Munncrs." 

t  AVanl  luul  writton  ft  work  cntillod  '•  Vindicia'  .Vcadcniinrum." 
^   HoliliOR  nlludrs  to  thr  fotlowiiiK  miyinK  ■ttril<utrJ  to  Vc»|)A«iHn,  "  MalrJici  acnatori* 
Ims  non  oportcro  ;  rfnmli'ciicrre  fu«  ct  civile  cmc." 

§  Fnun  01  rcrvXTw.  repel  n  Mow,  to  r»*-net ;  n  »e«reely  nppropriote  term  to  apply  to  >n 
rliistii-  body  ;  inimnuirh  n«  eln<lirity  oigMif'ied  that  pro|)erly  p«>n»e««od  by  the  atom*  of 
ocrtiiin  Ixxiieo,  in  virtue  of  which  when  tlieir  relutive  podilions  i*  altered  l»y  the  adtliti  in 
of  foree,  or  the  reniovul  of  force  previoimly  n<Mine.  they  return  to  the  {XMUion  which  they 
occupied  [irior  to  the  addition  or  auhtruclion  o(  that  force. 
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made  whenever  it  was  used.  The  watering-pot,  whicli  was  in  use  200 
years  ago,  consisted  of  a  circuhir  vessel  A,  the  bottom 
of  which,  B,  was  pierced  with  a  number  of  minute  holes  ; 
it  was  terminated  above  by  an  opening,  C,  capable  of 
being  closed  by  the  finger.  Water  would  obviously  be 
retained  in  sucli  a  vessel  by  the  pressure  of  the  air  as 
long  as  C  remained  closed,  but  directly  it  was  opened 
water  would  How  from  the  bottom  of  the  vessel.  That 
no  water  flows  from  a  until  c  is  opened  is,  according  to 
Hobbes,  positive  proof  of  a  plenum,  for,  he  reasons,  as 
the  world  is  full,  there  is  no  place  for  the  water  to  go 
into  until  c  is  unstopped,  when  the  air,  which  is  dispaced 
by  the  descending  water,  enters  and  takes  the  place  of  the  water 
which  flows  from  the  vessel.  "And  this,"  he  writes,  "I  take  for  a 
sign  that  all  space  is  full ;  for  without  this  the  natural  motion  of  the 
^vater,  which  is  a  heavy  body  downwards,  would  not  be  hindered."* 

As  Hobbes  was  a  plenist,  he  of  course  contended  that  Boyle's  air- 
pump  did  not  produce  a  vacuum.  He  speaks  of  it  as  being  "of  the 
nature  of  a  pop-gun  which  children  use,  but  great,  costl^^  and  more 
ingenious,"  and  he  maintains  that  the  effects  produced  by  it  are  such 
as  would  be  produced  by  a  strong  wind  cooped  up  in  a  narrow  room. 
In  the  first  place,  when  the  piston  is  drawn  from  one  end  of  the  cylin- 
der to  the  other,  he  affirms  that  no  air  is  removed,  but  sufficient  "pure 
air"  to  fill  the  space  deserted  by  the  piston  enters  between  it  and  the 
surface  of  the  cylinder;  for,  although  the  piston  was  closely  fitted  into 
the  cylinder  with  well-oiled  leather,  it  may,  he  says,  keep  out  "  straws 
and  feathers,"  but  not  air,  "for  the  body  of  leather  will  give  passage 
both  to  air  and  water,  as  you  will  confess  when  you  ride  in  rainy  and 
windy  weather."  (It  was  by  trifling  arguments  of  this  kind  that 
Hobbes  sought  to  confute  results  obtained  by  one  of  the  most  careful 
and  persevering  experimenters  of  the  day.)  The  pure  air  which  forcibly 
enters  between  the  piston  and  the  surface  of  the  cylinder  generates  a 
most  violent  motion  of  the  air  within  the  air-pump  receiver,  and  this 
violently-agitated  air  produces  all  the  effects  observed  in  the  receiver 
after  long-continued  pumping. 

Animals  suffer  death  in  the  receiver  because  the  rapid  motion  of  the 
air  stops  the  passage  of  their  blood,  but  here  Hobbes'  argument  is 
greatly  at  fault,  for  he  states  elsewhere  that  the  air  supports  life,  be- 
cause when  we  breathe  we  draw  in  a  great  number  of  the  swiftly- 
moving  atoms  in  the  air,  which  pass  into  the  blood,  and  by  their  motion 
cause  it  to  circulate  through  the  veins  and  arteries;  if  this  be  the  case, 
and  the  above  theory  obtains,  animals  ought  obviously  to  have  a 
quicker  circulation  of  blood  in  the  receiver;  thus  one  theory  destroys 
the  other,  and  one  is  nullified  before  it  leaves  the  hands  of  its  pro- 
pounder. 

*  See  "The  Enfrlish  Works  of  Thomas  Hobbes,  of  Malmesbury,  now  first  collected 
and  edited  by  Sir  William  Molesworth."     Eleven  vols.     1839-l«io, 
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Bojle*  has  very  ably  answered  all  llic  objections  ifirhich  Ilobbcs 
raises  a;:aini-t  his  "riiypico-Mj.ch.'inical  Exprriincnts,"  an«l  the  ini-tru- 
ments  which  he  einploycd  for  tlw-ir  |<roclucti<n),  and  although  tiri^t 
attacked,  and  somewhat  viohntly  too,  he  carries  on  the  controversy 
in  a  far  more  tolerant  spirit  than  that  exhibited  by  his  adversary. 

As  in  the  air-pump  Ilobbcs  admitted  no  rarefaction  of  the  air,  so 
in  the  air-gunf  he  admitted  no  condensation.  By  working  the  pi.^tun, 
he  contends,  larpc  numbers  of  the  hard  atoms  in  the  air  are  forced 
into  the  gun,  while  the  pure  air  escapes  between  the  surfaces  of  the 
pihton  and  the  syringe  ;  the  motion  of  the  injected  hard  particles  be- 
comes greater  and  greater  with  ever}'  stroke  of  the  piston,  and  finally 
Nvlicn  the  valve  is  opened  the  particles  r\\A\  out  violently,  and  carry 
with  them  a  bullet  or  anything  else  in  their  path. 

Ilobbcs,  in  common  with  the  I'lenists,  did  not  allow  that  the  space 
above  the  mercury  in  the  Torricellian  experiment  is  a  vacuum  ;  his 
explanation  of  the  suspension  of  the  mercury  in  the  tube  is  very  diffi- 
tuit  to  understand  ;  he  seems  to  have  thought  that  the  weight  of  the 
mercury  eoliimii  presses  a  certain  amount  of  air  into  the  upper  part  of 
the  lubi',  and  that  the  column  comes  to  rest  wlu-n  the  weight  of  the 
mercury  is  "equal  to  the  force  which  is  required  in  air  to  go  through 
it." 

It  had  long  been  known  that  nitre  when  thrown  on  red  hot  coals 
engenders  very  rapid  combustion;  Ilobbes  explains  this  by  supposing 
that  nitre  consists  of  "many  orbs  of  salt  lilUd  with  air,"  whi'.h  air 
1  u>hing  violently  from  the  nitre  meets  particles  issuing  from  the  burn- 
ing coal  in  an  opposite  direction,  and  the  two  contrary  motions  produce 
the  intense  inilammation  observe*l. 

Ilobbcs  Was  well  aware  that  in  many  coal  mines  there  exists  a  kind 
of  matter  which  sutVocatcs  living  creatures,  and  extinguis-hes  flame  ; 
iio  speaks  of  it  as  "u  certain  matter  of  a  middle  nature  between  water 
and  air,"  and  as  being  perfectly  transparent  and  not  much  lighter 
than  water;  elsewhere  he  speaks  of  the  ileadly  fumes  given  off  by 
burning  charcoal,  as  consisting  of  a  "tlameless  glowing  fire,  which 
dissipates  those  atoms  that  maintain  the  circulation  of  the  blood."  I 
do  not  find,  however,  that  he  traces  any  cotinexion  between  il.e  suffo- 
cating gas  of  coal  mines  and  the  suflocating  gas  of  burning  charcoal. 
Ilobbcs  believed  winds  to  be  produceil  by  clouds  which  ilescen<l  by 
their  own  weight,  and  strike  down  the  air  beneath  them;  when  the 
dejected  masses  of  air  reach  the  earth  they  rebound,  and  thus  lateral 

*  See  "An  Exnmcn  of  Mr.  T.  Hulil»«'ii,  liin  I)iiilo«ua  Phyiirus  dc  Natura  ArrU.  A« 
fur  •■  it  concern*  Mr.  K.  Uoyle'*  iH>uk  of  nrw  rxprriinrnta  tourhing  the  aprinc  t>f  ihr  air. 
Ac,  By  the  Author  of  those  Kx|>criiniritit."  LonJon.  1662.  AI»o,  ■■  Antniadfcr- 
»iori«  upon  .Mr.  Ilohhra'  Problrm.iln  dc  Vacuo."  Uy  the  Hon.  Robert  liojlr,  Kriiow  of 
tho  Royal  Society.      London.      1071. 

t  The  air-gun  Wtt»  ihrrnted  l<y  M.  Marin  Bourj^eoit  in  1607.  The  fir»t  account  of 
it  ia  pivcn  in  a  work  entitled  "  l.ct  Klemena  i!e  IWrtillerie :  roncernana  lant  la  iheone 
(jue  111  |irnti(jue  du  Cnnon.  .■Vugmentio  rn  tittc  nou\(l!<-  edition  rt  rnrirhiade  i'lnven- 
tion,  dencriplion,  et  dcuioiintratioii  d  imc  ii.iu\«'llo  artilltrie  iiue  ne  aechirtjr  qu**  d'air  ou 
d'eau  pure,  el  a  neanmoina  une  incrojalilt-  force,  &.c,  I.e  tout  pjr  le  »ieur  de  Klurancr 
Kiviiul.  l'ari<,  ICOS."  Tliere  ia  «  good  copy  of  thia  curioua  work  ia  the  Utitiah  Muacutu 
J.lbrury. 
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■winds  moving  in  all  directions  are  generated.  Thunder  and  lightning 
are  caused  by  air  enclosed  in  hollow  frozen  clouds,  Avhich  air  being 
more  and  more  pressed,  at  length  the  ethereal  part  of  it  passes  out  of 
the  cloud,  but  a  great  number  of  hard  particles  endued  with  violent 
motion  remain,  and  ultimately  exert  such  force  that  the  ice  is  suddenly 
broken,  and  the  noise  produced  by  the  disruption  is  thunder. 

The  learned  editor  of  Hobbes'  works  speaks  of  him  as  "one  of  the 
greatest  and  most  original  thinkers  in  the  English  language."  We 
speak  here  solely  of  his  merits  as  a  physical  philosopher,  and  I  think 
it  will  be  admitted  that  he  was  neither  a  great  physicist  nor  a  man 
calculated  to  forward  the  interests  of  the  then  young  experimental 
philosoph}'.  But  was  it  to  be  expected  that  the  old  speculative  philo- 
sophy would  be  overthrown  at  the  first  onset  ?  was  it  to  be  expected 
that  its  disciples  would  see  their  fabric  destroyed  without  one  blow  in 
its  defence  ?  a  radical  change  is  never  made  without  opposition,  never 
established  without  a  stuggle,  and  the  more  violently  that  struggle  the 
more  surely  and  completely  will  the  change  be  effected.  Hobbes  was 
a  follower  of  the  old  philosophy,  now  about  to  be  expelled  from  the 
human  mind;  he  lived  at  the  period  of  the  change:  should  he  not  rise 
in  the  defence  of  that  for  which  he  had  devoted  his  best  energies  ? 
should  he  not  make  an  eifort  to  stem  that  tide  which  was  so  rapidly 
gaining  ground  ? 

INIen  like  Ilobbes  (and  we  find  many  such  in  the  history  of  Science), 
who  rather  than  allow  the  falsity  of  an  old  and  favorite  theory,  frame 
a  more  false  theory  to  support  it,  even  such  men  indirectly  benefit 
Experimental  Philosophy,  for  by  propounding  a  fallacious  theory,  they 
cause  experiments  to  be  made  for  its  refutation  ;  and  no  experiment 
is  made  in  vain,  each  one  is  another  stone  added  to  the  great  and 
rapidly-increasing  structure  of  our  Philosophy. 

("To  be  Continued.) 


Specification  of  a  Patent  granted  to  Max  PATTENKOFER,/or  restoring 
the  Surface  of  Pictures  in  oil  without  any  danger  to  their  Original 
state.— [DdiiQ^  20th  October,  1863. 

From  Xc'wtou"a  Londou  Jourual  of  Arts,  July,  18C4. 

Observation  and  experiment  show  that  the  changed  appearance  no- 
ticed in  varnished  pictures  in  oil,  after  the  lapse  of  some  years,  is 
caused  in  most  cases  by  physical  and  not  chemical  influences.  Time 
causes  in  these  objects  the  discontinuance  of  molecular  cohesion.  The 
process  begins  on  the  surface  with  microscopical  fissures  in  the  varnish, 
and  penetrates  by  and  by  through  the  different  coats  of  colors  to  the 
very  foundation.  The  surface  and  body  of  such  a  picture  becomes  in 
the  course  of  time  intimately  mixed  with  air,  and  reflects  light  like 
powdered  glass,  or  loses  its  transparency  like  oil  intimately  mixed  with 
water  or  air.  The  best  method  of  rejoining  the  separated  molecules 
without  any  danger  or  damage  to  the  original,  is  the  following: — The 
picture  is  exposed  to  an  atmosphere  saturated  with  vapor  of  alcohol 
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at  the  ordinary  temperature  (without  applying  heat).  The  resinous 
particles  of  the  picture  absorb  alcohol  from  that  atmosphere  until  they 
are  saturate*!,  and  not  more.  JJy  thi.s  process  the  diflerent  separated 
molecules  re-acquire  cohesion  with  each  other,  and  the  optical  effect 
of  the  orginal  is  restored  soley  by  self-action,  the  picture  not  getting 
touched  at  all.  The  very  small  (juantity  of  alcohol  absorbed  evapo- 
rates very  soon  when  exposed  to  the  ordinary  atmosplu-re,  and  the 
surface  of  the  picture  remains  clear  as  long  as  a  newly-varnished  sur- 
face. 

The  most  serviceable  and  convenient  apparatus  for  the  above  pur- 
pose is  some  wooden  case  of  the  size  required,  about  three  inches  deep, 
lined  inside  with  some  metal,  for  instance,  zinc,  with  the  exception  of 
llie  lid,  to  which  the  picture  or  the  pictures  to  be  restored  are  fasten- 
ed by  screws  in  the  usual  manner,  as  in  ordinary  packing  cases.  Al- 
cohol is  then  poured  iti  the  metal-lined  bottom  of  the  box  or  case,  and 
the  lid  is  shut,  thus  suspending  the  pictures  face  downward  over  the 
alcohol.  From  time  to  time  the  lid  is  opened,  in  order  to  watch  the 
progress  of  the  restoration,  and  to  take  out  those  paintings  that  have 
absorbed  suflicient  vapor.  For  treating  a  painting  that  could  not  well 
be  removed  from  its  j)lace,  a  case  without  lid  and  metal  lining  is  re- 
quired a  little  larger  than  the  painting,  the  bottom  of  which  is  cover- 
ed inside  with  some  absorbing  stuff — for  instance,  flannel  or  the  like — 
which  is  slightly  sprinkled  over,  and  thus  only  just  njoistcned  with 
alcohol,  and  then  the  case  is  fastened  over  the  painting,  so  as  to  cover 
it  comjiletely.  Of  course  a  variety  of  appliances  might  be  contrived, 
but  they  need  not  be  described,  since  the  newly  discovered  principle 
of  self-action  by  vapors  only  is  the  subject  of  the  invention.  Thus, 
in  the  same  manner,  other  substances  oan  be  used  instead  of  alcohol 
— for  instance,  wood-naphtha,  ether,  sulphuric  and  other  ethers,  tur- 
pentine, petroleum,  and  benzine,  ami  the  various  ottos  ;  an«i  in  special 
eases  higlier  an<l  lower  temperature  is  to  be  employed,  but  all  that  is 
but  secoiulary  and  subordinate  to  the  principle  ot  self-action  bv  nhsorti. 
tion  of  vapor. 

On  Majneto-Elcctricitj/y  and  its  Application  to  Lighthouse  Purposes. 
By  F.  II.  HoLMK.«^. 

From  the  Juurual  of  Oip  Sooirt;  of  ArU,  TVic.,  \i*A. 

As  this  is  a  paper  on  the  Application  of  Magneto-Electricity  to 
Lighthouses,  I  will  begin  by  saying  a  few  words  on  lighthouses  them- 
selves, their  former  and  present  state,  and  the  systems  now  generally 
followed  in  the  arrangements  for  lighting. 

Formerly  lighthouses  were  few,  and  were  very  nearly  all  coal 
fires  on  high  cliffs  or  towers,  and  most  of  them  were  the  property  of 
private  individuals  ;  but,  as  shipping  increased,  so  the  lighthouse  svs- 
tcm  became  more  and  more  developetl,  both  in  the  number  of  light- 
houses ajid  in  the  improvement  of  those  already  existing.  The  coal 
fire  gradually  gave  way  to  the  oil  lamp  and  candles  ;  next  we  find 
the  introduction  of  spherical  mirrors  or  reflectors,  and  these,  again, 
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were  superseded  by  parabolic  reflectors,  sometimes  to  the  number  of 
more  than  thirty  in  one  lantern.  After  this  came  the  introduction  of 
the  "  Fresnel  Lens,"  -which  took  the  place  of  the  reflectors  and  their 
lamps,  however  numerous  they  might  be,  and  required  instead  one 
central  lamp. 

This  "Fresnel  Lens"  has  again  grown,  so  to  speak,  larger  and 
larger,  as  the  want  of  a  more  powerful  light  was  felt,  till  it  has  now 
a  diameter  of  six  feet  and  a  height  of  ten,  for  to  increase  the  quantity 
of  light  the  size  of  the  lamp  must  be  increased,  and  the  lens  in  pro- 
portion, or  it  would  have  been  so  far  out  of  focus  that  the  intention  of 
the  lens  would  have  been  frustrated. 

To  make  these  progressive  improvements  in  lighthouses  vast  sums 
of  money  had  to  be  expended  ;  and  now  let  us  see  what  was  the  end 
sought.  First  to  improve  the  light  itself.  This  is  done  by  the  sub- 
stitution of  a  lamp  of  four  concentric  wicks,  the  largest  nearly  four 
inches  in  diameter,  for  the  coal  fire.  If  the  improvement  had  stopped 
at  that  it  would  have  been  small  indeed,  but  this  lamp  is  more  under 
command  than  the  coal  fire.  The  value  of  the  introduction  of  oil  is 
not  so  much,  then,  on  account  of  its  greater  power  as  for  its  aptitude 
for  the  employment  of  economizing  apparatus,  whether  this  consists 
of  reflectors  or  lenses.  All  incandescent  bodies  give  out  rays  as  it 
were  from  the  centre  to  the  circumference  of  a  sphere ;  of  such  rays 
only  those  which  fall  on  the  sea  would  be  useful  to  the  mariner,  but 
by  means  of  reflectors  those  rays  which  would  pass  inland,  or  upwards, 
or  downwards,  are  reflected  towards  any  required  point,  and  by  a  pro- 
per arrangement  of  a  series  of  reflectors,  the  whole  or  nearly  the  whole 
of  the  rays  directed  where  required.  The  Fresnel  lens  consists  of  a 
middle  refracting  belt,  and  a  double  series  of  reflecting  prisms,  or 
zones,  as  they  are  generally  termed,  and,  when  properly  constructed, 
it  has  the  property  of  collecting  all  the  rays  into  one  horizontal 
beam,  so  that  all  the  light  from  the  lamp  is  utilized.  Thus,  then,  we 
see  great  strides  have  been  made,  since  the  introduction  of  oil  lamps, 
as  regards  the  lenticular  apparatus — in  fact  that  may  be  said  to  be 
nearly  perfect ;  let  us  then  return  to  the  consideration  of  the  light 
itself  for  a  moment. 

"Whether  a  large  or  a  small  lamp  be  employed  it  will  make  no  difler- 
ence  in  misty  Aveather,  so  long  as  the  thickness  of  the  flame  is  the 
same,  for  a  large  lamp  may  be  equal  to  ten  or  twelve  smaller  ones, 
and,  if  replaced  by  these  ten  smaller,  it  will  be  evident  that  when  one 
of  these  is  obscured  by  mist  the  whole  of  them  will  be  obscured.  Quan- 
tity of  light,  then,  will  not  add  to  its  power  of  penetrating  mist.  By 
making  the  large  lamp  with  four  concentric  wicks,  the  intensity  of 
the  lif'ht  is  a  little  increased,  and  such  a  lamp  will  penetrate  further 
through  mist  in  a  slight  degree.  But  it  is  in  misty  and  hazy  weather 
that  the  light  is  most  required;  hence,  now  that  everything  else  is 
nearly  perfect  in  a  lighthouse,  the  authorities,  both  in  this  country 
and  elsewhere,  are  directing  their  attention  to  the  only  thing  wanting 
to  make  the  whole  system  perfect,  that  is,  a  light  capable  of  penetra- 
ting mist ;  and  as  this  power  depends  on  the  intensity  of  the  light, 
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and  electricity  is  capable  of  producing  the  most  intense  light  known,  it 
wasiiatunilly  looked  to  as  the  possible  moans  of  perfecting  the  whole  sys- 
tem. But  the  light  produceil  by  electricity  to  be  applicable  for  ligiit- 
lionses  must  be  certain  and  constant,  not  liable  to  extinctions  or  any  great 
variations,  as  the  first  would  ten<l  to  endanger  vessels  seeking  and 
not  finding  the  light ;  and  if  a  fixed  light  had  much  variation,  it  might 
be  mistaken  for  a  revolving  liglit. 

Let  us  now  see  wlicthcr  electricity  can  produce  a  constant,  pteady, 
or  uniform  light.  Frictional  electricity  will  give  a  succession  of  flashes 
intensely  vivid,  and  might  be  used  for  the  purpose,  but  for  the  fact 
that  the  slightest  moisture  is  sufficient  to  convey  the  whole  charge  to 
tlie  earth.  The  various  forms  of  galvanic  battery  are  all  capable  of 
producing  a  steady  and  intense  liglit,  but  still  (besifles  the  great  ex- 
pense) they  are  not  applicable,  because  of  the  necessarily  varying  current 
which  becomes  weaker  and  weaker  as  the  solution  becomes  saturated. 
The  magneto-electric  machine  is  then  the  scource  from  which  one 
"would  naturally  expect  a  light  which  should  be  invariable  in  its  nature 
and  capable  of  being  continuous  for  any  given  time,  as  the  current 
produced  by  this  machine  is  constant  as  long  as  the  helices  revolve 
"with  the  same  speed,  and  the  speed  can  be  easily  regulated  to  any  re- 
quired velocity. 

The  electricity  derived  from  a  magneto-machine  is  induced  in  coil'? 
of  wire,  by  the  changing  of  the  magnetic  polarity  of  pieces  of  soft  iron 
incloseil  within  the  eoils  or  helices;  and  the  quantity  or  intensity  of 
the  induced  current  depends  first,  on  the  amount  <»f  magnetism  induced 
in  the  soft  iron  ;  secondly,  on  the  facility  with  which  the  poles  of  the 
magnetized  soft  iron  can  be  reversed;  thirdly,  on  the  velocity  with 
which  the  change  of  polarity  takes  place;  fourthly,  on  the  length  and 
diameter  of  the  wire  forming  the  helices. 

The  amount  of  magnetism  induced  in  the  soft  iron  depends  on  the 
size  and  force  of  the  steel  magnets  employed,  and  on  the  weight  and 
softness  of  the  iron  in  the  helices  ;  but  the  weight  in  practice  of  the 
soft  iron  is  limited  by  the  weight  of  the  steel  magnets,  for,  if  too  heavy 
the  steel  m;ignets  will  be  slowly  deprived  of  their  magnetism.  To  facili- 
tate the  change  of  the  poles  the  soft  iron  cores  of  the  helices  are  not  solid 
pieces  of  iron,  but  are  tubes,  single,  double,  or  treble,  as  it  is  found 
by  experiment  that  the  same  weight  of  iron,  when  divided  in  this  man- 
ner, loses  or  takes  magnetism  in  much  less  time  than  when  in  a  solid 
form. 

There  is  a  limit  to  the  velocity  to  be  employed  when  the  maximum 
of  electricity  is  re([uired,  for  this  reason.  It  has  been  already  re- 
marked that  the  amount  of  electricity  depends  an  the  amount  of  mag- 
netism taken  up,  and  that  the  soft  iron  takes  time  to  become  saturated, 
as  it  may  be  termed,  with  magnetism  ;  hence,  if  the  velocity  be  t<>o 
great  with  which  the  cores  move  from  one  pole  of  a  magnet  to  another, 
there  will  not  be  sufficient  time  for  the  cores  to  become  saturated. 
]iut  as  again  the  quantity  of  electricity  increases  as  the  velocity  in- 
creases, it  is  necessary  to  ascertain  this  maximum  point  exactly,  which 
is  easily  done,  either  by  experiment  or  calculation,  based  on  certain 
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data.  The  length  and  diameter  of  the  wire  require  to  be  different, 
according  to  the  current  required  ;  for  a  short  thick  wire  forming  the 
helices  represents  a  galvanic  battery  composed  of  a  dozen,  say,  of 
very  large  pairs  of  plates,  whilst  a  long  thin  wire  would  represent  a 
battery  composed  of  thousands  of  small  plates.  In  other  words,  sup- 
posing the  size  of  the  helices  to  remain  the  same,  if  they  are  composed 
of  thick  short  wires,  quantity  is  obtained ;  but  if  composed  of  long 
thin  wires,  intensity  will  be  the  result. 

From  all  this  it  results  that  there  are  certain  laws  known  and  es- 
tablished, by  which  a  magneto-electric  machine  can  be  made  to  give 
a  current  of  any  given  amount  of  electricity,  with  any  given  ratio  be- 
tween its  quantity  and  intensity. 

Having  seen  on  what  the  production  of  the  current  depends,  the 
next  point  to  observe  is,  the  peculiar  nature  of  this  induced  current. 
It  differs  essentially  from  a  galvanic  current  in  this,  that  while  the  he- 
lices are  revolving,  the  direction  of  the  current  is  reversed,  as  the  core 
of  soft  iron  passes  each  conser^utive  pole  of  the  steel  magnets. 

It  now  remains  to  explain  how  the  current  generated  in  the  wires 
of  the  helices  is  to  be  withdrawn  from  the  machine.  In  the  first  place 
all  the  helices  are  connected  in  two,  or  four,  or  more  series,  and  in 
doing  this  great  care  must  be  observed  that  the  direction  of  the  coil  of 
every  alternate  helix  is  in  an  opposite  direction,  that  is,  if  one  is  wound 
as  a  right-hand  screw,  the  next  should  be  as  a  left-hand  screw,  or, 
what  amounts  to  the  same  thing,  supposing  all  wound  in  the  same  di- 
rection, then  tlie  two  inner  ends  of  the  wires  must  be  joined  of,  say, 
numbers  one  and  two,  and  the  two  outer  ends  of  the  wires  of  numbers 
two  and  three,  and  so  on  through  the  series  ;  and  lastly,  the  terminals 
of  the  series  might  be  soldered  into  two  insulated  disks,  and  then  led 
from  the  machine  by  two  pieces  of  metal  kept  in  contact  with  the 
outer  surfaces  of  these  disks  by  a  slight  spring;  such  an  arrangement 
allows  the  alternating  current  to  pass  from  the  machine,  and  such  a 
current  will  produce  a  light,  but  this  light  has  certain  disadvantages. 
It  is  never  white,  but  always  more  or  less  blue  or  brownish ;  in  fact  it 
is  like  the  electric  light  obscured  by  placing  it  behind  a  flame  from 
spirits  of  wine.  It  is  also  extremely  injurious  to  the  eyes,  both  from 
its  color  and  from  its  tremulousness  ;  I  therefore  do  not  use  this  current 
but  in  its  stead  I  convert  this  constantly  inverting  current  into  two 
that  flow  from  the  machine  in  one  direction  only.  This  is  accomplish- 
ed thus  :  One-half  of  the  helices  are  arranged  so  as  to  arrive  on  the 
poles  of  the  magnet  at  the  instant  that  the  other  half  are  exactly  mid- 
way between  the  poles.  Thus  there  are  two  distinct  currents ;  and 
what  may  be  called  the  dead  point,  that  is  the  point  when  the  current 
inverts  in  one  series,  occurs  exactly  at  the  time  when  the  other  cur- 
rent is  at  its  maximum,  so  that  if  now  the  inverted  currents  can  be 
again  inverted  in  both  of  these  distinct  currents,  and  that  the  two  now 
flowing  in  one  direction  can  be  united  as  one  compound  current,  it  is 
evident  that  the  result  will  be  a  current  nearly  as  uniform  as  that 
from  a  galvanic  battery,  with  the  advantage  of  equable  continuity. 
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This  is  (lone  by  the  two  cnmmut.itors,  which  consist  each  of  two  in- 
sulated rin/^3  of  metal,  of  such  a  form  at  the  periphery  that  two  rol- 
lers or  rubbers  chari;^e  sides  from  one  disk  to  the  other  at  the  samo 
instant  that  the  current  is  reversed.  Then,  by  combining  the  two  com- 
mutators, a  compound  current  is  obtained  that  will  produce  a  constant 
■white  light  or  pcrfonu  any  of  the  otlier  functions  of  the  galvanic  cur- 
rent, and  in  a  more  perfect  manner,  as  it  is  more  uniform  in  its  action. 

A  steady  and  constant  current  thus  obtained  from  the  magneto- 
electric  machine  is  only  one  part  of  the  problem  of  producing  a  con- 
stant and  steady  liglit,  and,  although  the  most  important  part,  still  it 
•would  be  perfectly  useless  without  an  eflicient  lamp  or  regulator.  In 
order  to  understand  this  it  is  necessary  to  explain  that  the  carbon 
points  used  for  producing  the  light  or  for  converting  a  portion  of  the 
electric  current  into  light,  are  consumed,  and  that  the  rate  of  consump- 
tion is  irregular,  owing  to  the  irregularities  in  the  structure  of  the 
substance  used,  which  is  the  kind  of  graphite  deposited  in  the  gas  re- 
torts sawed  up  into  [icneil.-'  about  a  quarter  of  an  inch  square  ;  but,  as 
the  consumption  is  irregular,  no  clock-work  with  continuous  motion 
could  be  emf)loyed  for  tlie  purpose  of  causing  the  carbons  to  api)roacli 
as  consumed,  for  it  must  be  understood  that  the  steadiness  of  the  light 
us  well  as  its  brilliancy  depend  on  the  two  carbon  points  being  main- 
tained constantly  at  a  certain  distance  corresponding  to  the  strength  of 
the  electric  current. 

Many  pieces  of  apparatus  more  or  Ics^  complicated  have  been  in- 
vented from  time  to  time  for  the  j)urpose  of  regulating  the  movements 
of  the  carbon  electrodes,  and  many  of  them  I  have  tried,  but  none  of 
them,  as  formerly  constructed,  could  be  used  in  a  lighthouse,  because 
they  were  more  or  less  uncertain  in  their  action,  and  because  the  clock- 
work was  too  delicate  and  liable  to  accident  in  other  hands  than  those 
of  an  electrician.  The  ([uestion,  what  constitutes  a  goo<l  regulator, 
must  be  answered  by  stating  what  it  must  accomplish  ;  and  moreover 
it  must  perform  its  several  functions  in  the  most  simple  manner.  It 
must  in  the  first  place  maintain  the  carbons  at  a  given  distance,  what- 
ever be  the  variation  in  the  state  of  consumption,  and  must  also  be 
capable  of  being  adjusted  to  any  strength  of  current ;  secondly  if  by 
any  accident  the  current  should  be  interru[)ted,  and  the  light  there- 
by extinguished,  the  regulator  should  be  capable  of  re-lighting  at  once 
with  full  brilliancy,  that  is,  not  only  must  it  allow  the  carbon  points 
to  touch  to  re-establish  the  current,  but  must  separate  them  a<»ain 
iustantly,  or  there  would  be  no  light.  8ueh  a  regulator  we  have  here, 
for  its  construction  is  simple,  and  it  forms  its  different  functions  in  a 
most  perfect  manner.  Its  construction  is  this.  The  upper  carbon  is 
attached  by  a  kind  of  small  vice  to  a  bracket,  standing  out  from  a 
tube,  which  slides  freely  in  a  column.  The  lower  carbon  is  fixed  in 
the  end  of  another  tube,  exactly  under  the  other  earb m.  IJoth  of  these 
tubes  are  put  in  motion  thus  :  Two  cords,  passing  over  pullevs,  pro- 
perly arranged,  are  wound  on  one  spindle,  but  in  opposite  directions. 
On  turning  a  stud  fixed  on  the  end  of  the  spindle  the  regulator  is  wound 
up;  that  is,  the  top  bracket  is   raised  and  the  lower  tube  depressed. 

3i« 
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On  removing  the  hand  from  the  stud,  the  upper  tube  would  descend, 
and,  being  loaded,  would  cause  the  lower  tube  to  rise ;  but  to  prevent 
this,  while  the  regulator  is  out  of  use  a  bolt  is  pushed  in,  which  pre- 
vents any  movement  in  the  regulator  till  it  is  again  withdrawn.  The 
regulator  being  wound  up,  the  carbons  are  firmly  fixed  in  their  places 
by  tightening  the  holders,  and  are  then  adjusted  so  as  to  bring  the  points 
of  the  focal  plane  by  turning  a  spindle  to  which  the  fixed  end  of  the  cord 
belonging  to  the  lower  carbon  is  attached.  So  far  the  refrulator  is 
only  a  means  by  which  the  carbons  can  mutually  approach  each  other 
with  a  certain  relative  speed,  depending  on  the  difterent  diameters  of 
the  two  parts  of  the  spindle  around  which  the  cords  are  wound.  But 
if  the  carbon  points  remain  in  contact,  there  will  be  no  light.  Some 
contrivance,  then,  was  necessary  to  separate  the  points  to  the  distance, 
which,  by  experience,  is  found  to  give  most  light,  and  to  maintain 
that  distance  between  the  points  constantly  till  the  whole  of  the  pair 
of  carbons  is  consumed.  These  two  operations  are  accomplished  thus  : 
The  fixed  end  of  the  cord  which  works  the  upper  carbon  is  attached 
to  one  end  of  a  lever ;  the  other  end  of  the  lever  has  a  piece  of  soft 
iron  attached  to  it,  over  an  electric  magnet,  so  that  when  the  bolt  is 
^vilhdrawn,andthe  carbon  runs  together  until  they  touch  (thus  allowing 
tiie  current  to  pass),  this  electro-magnet  instantly,  by  the  action  of  the 
same  current,  lifts  the  cord  and  with  it  the  upper  carbon,  to  the  requir- 
ed distance.  But  this  is  not  all,  for  the  carbons  would  again  run  to- 
gether were  there  not  some  contrivance  to  prevent  them.  To  accomplish 
this,  advantage  is  taken  of  these  two  facts — first,  that  the  quantity  of 
electricity  is  proportional  inversely  to  the  distance  between  the  carbon 
points ;  secondly,  that  the  strength  of  an  electro-magnet  is  propor- 
tional to  the  quantity  of  electricity  passing  through  the  wire  that  sur- 
rounds it.  Bearing  these  two  facts  in  mind,  it  will  be  easy  to  under- 
stand the  use  of  the  second  electro-magnet.  Over  this  electro-magnet, 
at  a  small  distance  above  it,  is  placed  a  lever,  one  end  of  which  is  drawn 
down  by  a  spring,  the  strength  of  which  can  be  regulated  by  a  thumb- 
screw. The  fulcrum  is  between  this  end  and  the  centre.  The  other 
end  of  the  lever  is  furnished  with  a  catch,  and  immediately  over  the 
electro-magnet  a  piece  of  soft  iron  is  fixed  in  the  lever.  On  the  car- 
bons being  allowed  to  touch  as  before,  not  only  are  they  separated  by 
the  means  described,  but  this  second  lever,  acted  on  by  its  electro- 
magnet at  the  same  instant,  is  drawn  down  towards  it,  and  thus  brings 
the  catch  between  the  teeth  of  a  wheel  placed  under  it  for  the  purpose, 
and  effectually  locks  the  regulator.  The  strength  of  the  spring  is  now 
adjusted  till  its  tendency  to  lift  the  catch  out  exactly  balances  the 
current  which  draws  it  down.  Should  the  distance  now  increase  but 
the  2-0  0  ^^  ^^  inch,  the  spring  will  be  stronger  than  the  current,  will 
lift  the  catch,  and  the  carbons  will  approach  ;  by  doing  so,  more  cur- 
rent passes,  the  electro-magnet  is  strengthened,  and  is  again  enabled 
to  overcome  the  spring  and  draw  down  the  catch,  and  thus  by  their  mu- 
tual action  the  distance  between  the  carbon  points  is  all  but  invariable. 
When  these  regulators  are  employed  in  a  lighthouse  there  are  a  pair 
for  each  lens  and  two  small  lenses,  so  that  although  it  may  take  ten 
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minutes  to  replace  the  consumed  carbons,  still  the  light  is  never  ex- 
tiniruished;  for,  suppose  the  carbons  consumed  in  tiie  lens  No.  1,  the 
regul.'itor  is  ready  in  lens  No.  2;  and  all  the  li^ht-keeper  has  to  do  is 
to  bolt  the  No.  1  regulator  and  draw  the  bolt  of  the  regulator  in  No. 
2  lens  ;  the  current  is  thus  diverted,  No.  2  is  instantly  lighted,  and 
the  lighting  of  this  extinguishes  No.  1. 

Thus,  then,  we  have  a  most  intense  light,  which  may  be  maintained 
for  any  length  of  time,  which  dues  not  require  to  be  trimmed  or  ex- 
tinguisheil  for  a  second,  and  which  has  all  the  steadiness  and  uniformity 
reijuired  for  lighthouse  fnirposes.  Its  advantages  over  the  oil  lamp 
are  : — first,  its  power  can  be  increased  ad  libitum  without  increasing 
the  size  of  the  lens,  for,  if  recjuired,  a  machine  may  be  made  to  give 
light  enough  to  read  by  say  at  10  or  20  miles  ;  in  fact  the  light  is  in 
direct  proportion  to  the  power  of  the  machine  that  produces  it;  second- 
ly, its  great  intensity  gives  it  a  power  of  penetrating  haze  only  equal- 
td  by  the  sun  ;  thirdly,  its  whiteness  distinguishes  it  most  perfectly 
from  all  other  lights  on  shore,  which  is  one  of  its  most  important  pro- 
perties, for  many  a  vessel  has  been  lost  for  want  of  this  property  in 
lighthouses  lighted  with  oil  ;  fourthly,  where  colored  lights  are  re- 
(juired  for  the  purpose  of  distinguishing  one  lighthouse  from  another, 
this  light  gives  all  the  colors  in  a  perfect  manner,  wliile  the  oil  lamp 
always  gives  its  own  tinge  to  the  color  employed;  fifthly,  from  the 
facility  with  which  this  light  can  be  extinguished  in  an  instant,  and  as 
instantly  lighted  to  its  full  power,  it  offers  other  means  of  distinguish- 
ing lighthouse  from  lighthouse  which  cannot  be  obtaine<l  with  any 
other  light.  The  iinj)ortance  of  this  may  be  understood  from  the  fact 
that  there  are  still  many  points  around  our  shores  that  refjuire  light- 
houses, but  which  must  remain  without  them,  till  better  means  of 
distinguishing  them  with  certainty  from  others  in  the  imme^liatc 
neighborhood  can  be  employed ;  for  having  no  lighthouse  is  hardly 
■worse  for  the  navigator  than  having  two  in  sight  which  cannot  be 
distinguished  one  from  the  other. 

An  objection  has  been  made  to  this  light,  that,  being  so  small,  it 
would  be  altogether  invisible  at  a  considerable  distance  ;  and  when  we 
merely  consider  that  the  apparent  size  of  distant  objects  depends  on 
the  visual  angle,  there  seems  to  be  some  ground  for  the  objection,  but 
the  law  of  visual  angles  does  not  apply  in  the  case  of  self-luminous 
bodies,  as  can  be  demonstrated  witli  tliis  piece  of  fine  wire,  which  I 
suppose  is  almost  invisible  even  with  a  strong  light  thrown  on  it,  but 
now,  if  by  passing  a  current  of  electricity  through  it  it  is  made  self- 
luminous,  it  appears  gradually  to  increase  in  diameter  as  it  becomes 
brighter  ;  and  as  a  curious  fact,  illustrating  the  difterence  between  the 
theorist  in  his  study  anil  the  practical  observer,  a  sailor  who  had  seen 
the  magneto-light  from  a  great  tlistance  told  me  he  supposed  it  must 
be  at  least  ten  feet  in  diameter.  Another  objection  to  the  light  is, 
that  it  is  too  bright ;  this  may  be  an  inconvenience  in  clear  weather, 
but  a  light  to  be  useful  when  most  needed  must  be  iuconveniently 
bright  in  clear  weather. 

The  last  point  to  be  considered  is  the  cost  of  the  magneto-electric 
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licrht  as  compared  with  oil.  The  French  director-general  of  light- 
houses has  made  a  report  to  his  government,  both  as  to  first  cost  and 
as  to  cost  of  maintenance ;  both  are  greatly  in  favor  of  the  magneto- 
electric  light ;  of  course  in  making  their  calculations  of  cost,  they  take 
the  cost  of  an  equal  quantity  of  light  in  each  case,  that  is  by  oil  and 
electricity. 

I  have  no-w  only  to  remark  that  this  invention,  if  it  may  be  called 
one,  is  purely  English  ;  Faraday  commenced  it  when  he  discovered 
the  fact  that  magnetism  might  be  made  to  produce  or  induce  an  elec- 
tric current;  and  although  the  magneto-light  was  first  produced  in 
Paris,  it  was  by  me  ;  and  so  far  from  receiving  assistance  from  any 
of  the  French  savans  in  the  matter,  I  was  ridiculed  by  all  of  them  for 
attempting  what  tlu'V  said  they  could  demonstrate  was  impossible. 
With  regard  to  the  regulator,  which  is  also  invented  by  me,  there  is 
another  just  invented  by  a  Mens.  Foucault,  on  a  very  different  prin- 
ciple, but  which  is  quite  as  effective  though  overloaded  with  clock-work. 
His  regulator  has  this  peculiarity,  it  can  be  used  in  a  rolling  vessel, 
and  will  bear  with  impunity  the  vibrations  of  a  steamer. 

Discussion. — Mr.  Lawrence  suggested  that  Mr.  Holmes  should  give 
a  description  of  the  practical  arrangements  of  his  apparatus  at 
Dungeness  lighthouse. 

Mr.  Holmes  stated  that  at  Dungeness,  where  the  light  had  been  in 
constant  use  since  the  Gth  of  June,  1862,  there  were  in  the  lantern 
two  small  lenses,  fixed  one  over  the  other,  and  two  regulators  to  each. 
Only  one  light  was  shown  at  a  time,  but  there  were  two  regulators  for 
each  lens,  so  that  an  instantaneous  change  from  one  to  the  other  could 
be  made  without  extinguishing  the  light  when  fresh  carbons  were  re- 
quired. In  the  machine-room  there  were  two  magneto-machines,  each 
capable  of  giving  a  powerful  light,  though  both  were  in  constant  use. 
There  was  a  distinct  direct-acting  steam  engine  attached  to  each  ma- 
chine, and  there  were  two  Cornish  boilers,  each  capable  of  generating 
steam  enough  for  the  two  engines.  The  material  consumed  at  Dunge- 
ness was  about  30  to  35  lbs  of  coke  per  hour,  and  5^  inches  of  gra- 
phite in  the  regulator  per  hour,  the  price  of  this  last  being  under  three 
farthings  per  inch.  The  principle  item  of  expense  was,  at  present, 
the  engineer,  who  had  charge  of  the  whole  apparatus,  but  he  expected 
that  when  there  were  several  lighthouses  on  this  principle,  it  would  be 
found  that  one  engineer  would  be  sufficient  for  as  many  as  were  at 
present  under  the  charge  of  an  agent,  and  that  none  but  stokers  and 
lifht-keepers  would  be  required  on  the  spot.  The  magneto-electric 
machines  which  were  at  Dungeness  contained  120  horsc-.ihoe  magnets 
of  about  50  fibs  each,  and  160  helices,  but  those  which  he  now  con- 
structed contained  only  from  66  to  70  magnets,  and  from  88  to  120 
helices. 

The  Chairman  said  he  had  listened  with  much  pleasure  to  Mr. 
Holmes's  very  clear  statement.  He  was  glad  to  see  present  Dr. 
Gladstone,  a  member  of  the  lighthouse  Commission,  and  he  hoped 
that  gentleman  would  favor  the  meeting  with  some  remarks  tending  to 
illustrate  this  subject,  which  was  one  of  national  importance.     It  was 
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most  interesting  to  know  that  the  little  electric  spark,  not  bigger  than 
a  pin's  liead,  obtuinefl  by  Fara<lay  from  the  magnet  not  very  many 
years  ago,  should  have  led  to  this  •levelopmont  of  power  in  the  hanJs 
of  an  able  and  ingenious  man  like  Mr.   Iloltius. 

Mr.  Sunmierlin  r«'ferred  to  an  invention  of  a  somewhat  similar 
character,  by  M.  lierlioz,  which,  he  believed,  was  enperior  to  Mr. 
IIoiineH'.H  apparatus.  He  would  have  been  glad  if  Mr.  Holmes  had 
given  some  (lescrifttion  of  it. 

Dr.  Gladstone,  F.R.S.,  said,  as  his  name  had  been  mentioned  by 
the  Chairman,  he  could  not  but  rise  to  bear  testimony  to  the  able 
manner  in  which  Mr.  Holmes  had  brought  forward  this  subject. 
J)iniiig  tlu^  existence  of  the  Hoyal  Commission,  he  had  an  opportunity 
of  frecjuently  witnessing  the  experiments  made  with  this  apparatus  at 
the  South  Foreland.  'J'lie  Commissioners  afterwards  examined  every- 
thing connected  with  the  lighthouse  system  in  France,  where,  at  that 
time,  when  this  brilliant  light  had  been  burning  for  half  a  year  at  the 
South  Forelainl,  they  were  still  making  preliminary  experiments,  for 
they  hail  not  then  overcome  the  irregularity  of  the  current  of  electri- 
city, ami  could  not  get  a  steady  light.  Since  then  they  had  ad- 
vanced very  rapidly,  and  orilers  had  been  given  to  place  a  double  light 
of  this  description  at  Cape  La  Heve,  near  Rouen.  The  Dutch  might 
perhaps  bo  considered  to  have  been  before  the  French  in  the  adoption 
of  this  system,  and  the  Emperor  of  Jirazil  was  probably  before  either. 
He  (lid  not  thitik  Mr.  Holmes  had  exaggerated  the  power  of  this  li'ht 
or  the  ease  with  which  it  was  managed,  and  he  was  glad  to  be  able  to 
say  this,  because  they  knew  that  an  inventor,  justly  proud  of  his  child, 
was  often  unconsciously  disposed  to  give  the  best  possilde  account  of 
it.  He  was  very  glad  to  hear  what  Mr.  Holmes  had  said  with  refer- 
ence to  the  expense  of  an  engineer  being  divided  amongst  several 
lighthouses,  because  that  was  the  main  difficulty.  When  the  com- 
})lexity  of  an  instrument  was  increased,  more  skill  was  required  in  its 
management,  and  this  necessarily  led  to  expense.  The  great  deside- 
ratum was  to  have  a  light  which  was  capable  of  penetrating  to  great 
distances  in  nusty  or  rainy  weather,  and  in  that  respect  this  li<»ht 
>vas  far  superior  to  the  Fresnel  lamp,  which  was  quite  competent  to 
semi  a  light  to  the  extreme  horizon  on  a  clear  night.  In  a  dense  fo** 
no  light  whatever  was  of  any  use  ;  but  a  mere  mist,  or  a  shower  of 
rain,  the  electric  light  could  penetrate.  There  was  abundant  testi- 
mony that  the  lights  at  Dungeness  and  the  South  Foreland  hail  Ikn n 
seen  by  the  captains  of  steamers  crossing  from  Folkestone  to  Houlo::iie. 
at  a  far  greater  distance  than  an  ordinary  oil  lamp.  Moreover,  the 
intensity  of  this  light  could  be  augmentetl  to  any  extent.  Professor 
Faraday,  in  his  reports  to  the  Trinity  House,  had  laid  great  stress 
upon  this.  All  that  was  necessary  was  to  double  the  number  of  mi^- 
iiets,  and  practically  this  was  easily  done,  because  there  were  diiji;- 
cates  of  everything  in  such  lighthouses,  and  in  foggy  weather  it  was 
})ossible  to  bring  the  power  of  both  machines  to  bear  upon  one  instru- 
ment; and  in  that  way  double  the  intensity  of  light  could  be  obtained. 
Then  further, — supposing  the  fog  to  be  so  dense  that  no  light  could 


418  Mechanics^  Physics,  and  Chemistry. 

penetrate  it,  the  steam  engine  on  the  promises  might  be  employed  to 
blow  a  horn  or  whistle,  or  to  make  some  other  noise  which  would  serve 
as  a  direction  to  vessels.  This  had  been  pointed  out  by  M.  Regnault, 
director  of  lighthouses  to  the  French  Government,  and  was  of  great 
importance  at  a  time  when  the  question  of  fog  signals  was  attracting 
so  much  attention. 

Dr.  BachhofFner  said,  having  been  engaged  in  most  of  the  patents 
taken  out  for  producing  the  electric  light,  he  had  some  little  knowledge 
of  the  dijQficulties  which  had  hitherto  been  considered  almost  insur- 
mountable in  producing  the  results  which  had  been  shown  this  evening. 
The  great  merit  of  this  plan  was  the  particular  mode  in  which  the 
electric  light  was  .obtained,  and  in  this  respect,  as  far  as  he  had  seen, 
Mr.  Holmes  had  displayed  a  great  amount  of  ingenuity.  He  con- 
fessed, when  he  first  heard  that  Mr.  Holmes  had  taken  this  matter  in 
liand,  he  was  very  sceptical  of  his  success ;  he  did  not  believe  that  so 
much  electric  force  could  be  obtained  by  the  magneto-electric  machine. 
The  ingenuity  displayed  was  very  great,  particularly  in  estimating  the 
exact  quantity  of  iron  necessary  for  the  core.  Some  years  ago  he 
(Dr.  Bachhoft'ner)  was  engaged  in  some  experiments  on  this  subject, 
but  he  used  iron  wire  instead  of  a  hollow  core.  Mr.  Holmes  had 
spoken  of  the  existence  of  liquid  carbon  between  the  two  points,  but 
tins  he  (Dr.  Bachhoifncr)  w'ould  be  glad  to  have  more  evidence  of. 
In  using  the  electric  light  there  was  a  deposit  on  one  of  the  carbons, 
and  with  coke  points  pure  graphite  was  produced,  but  he  had  great 
doubts  as  to  the  fact  of  liquid  passing  between  the  two  points.  A 
perfect  automatic  machine  for  regulating  the  position  of  the  points 
was  essential,  and  Mr.  Holmes  had  mentioned  that  a  spring  formed 
part  of  this  apparatus.  He  (Dr.  Bachhofther)  was  sorry  there  was 
any  spring  at  all,  or  even  clock-work.  He  thought  a  lamp  might  be 
constructed  without  a  spring,  and  that  would,  in  his  opinion,  make  the 
machine  perfect.  The  ingenuity  displayed  by  Mr.  Holmes  up  to  this 
point  would,  no  doubt,  enable  him  to  make  an  improvement  in  this 
respect.  With  regard  to  the  question  of  cost,  he  did  not  think  either 
the  oxy-hydrogen  light  or  the  electric  light  would  ever  be  useful  for 
purposes  of  general  illumination,  for  in  such  cases  the  cost  of  the 
light  was  a  most  important  consideration,  but  for  lighthouse  purposes 
this  ought  not  to  be  regarded,  because  the  matter  involved  the  safety 
of  human  life.  Nevertheless,  it  would  be  interesting  to  know  what 
was  the  cost  of  this  system,  light  for  light,  as  compared  with  other 
methods.  He  congratulated  the  public,  the  seafaring  portion  of  it  in 
particular,  upon  this  valuable  application  of  electric  power,  Avhich  at 
one  time  he  thought  hardly  possible  of  accomplishment. 

Mr.  Holmes  said  the  cost  of  this  light  compared  with  oil  had  been 
gone  into  by  M.  Regnault,  director-general  of  lighthouses  in  France, 
and  he  had  calculated  very  fairly  on  the  principle  of  light  for  light, 
and,  reckoning  in  this  way,  including  the  expenses  of  alteration,  tak- 
ing down  the  large  lens  and  putting  in  two  smaller  ones,  putting  up 
the  apparatus,  two  steam  engines  complete,  and  the  buildings  to  con- 
tain them,  the  whole  of  the  cost  was  calculated  at  half  that  of  an 
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ordinary  first-class  ]i;;lithou;ic,  light  for  li^'lit.  They  voulJ  quite 
uriderHtaiid  tiic  actual  txpcnsc  was  greater  than  in  an  ordinary  1  _•  •- 
house,  but  wiien  the  quantity  ot  light  was  considered,  it  was  Ici-s  hy  •  :.'  - 
half,  whilst  the  working  expenses  was  only  one-third.  The  light  at 
Dungeness,  he  calculated,  was  equal  in  quantity  to  14  of  the  large  oil 
lau)ps  with  f'i;ur  concentric  wicks.  Witli  regard  to  the  intesity  of  the 
light,  there  was  no  furiu  of  euiuhustion,  and  no  chemical  action  which 
could  produce  a  light — explosion  was  a  dilTerent  thing  — beyond  a  cer- 
tain amount  of  intensity.  The  greatest  was  that  obtained  upon  lime, 
because  the  hydrogen  and  oxygen  gases,  burnt  together,  approached 
as  nearly  as  possible  to  an  explosion.  With  regard  to  the  small  size 
of  this  light,  it  might  be  argued  that  so  small  u  light  would  become 
invii^ible  at  a  great  distance,  say  30  or  40  miles.  If  an  object  three 
feet  ill  diameter  appeared  to  be  only  an  inch  at  the  distance  of  a  mile, 
what  must  this  little  point  of  light  be  at  a  long  di.stance?  He  admit- 
ted there  was  sometliing  in  this  argument  when  based  on  the  theory 
of  the  visual  angle  only,  but  it  did  not  apply  to  luminous  bodies. 
[Mr.  Holmes  illustrated  this  by  f-howinga  thin  wire,  which  was  almoi-t 
invisible  till  rendered  incandescent  by  a  current  of  electricity,  when 
its  apparent  diameter  was  greatly  increased.] 

The  chairman  said  the  next  duty  which  devolved  upon  him  was  tho 
agreeable  one  of  proposing  a  vote  of  thanks  to  Mr.  Holmes  for  his  valu- 
able paper.  He  was  quite  sure  they  had  heard  with  satisfaction  what 
had  been  stated  by  l)r.  Gladstone,  who  hml  had  opportunities  of 
examining  on  a  large  scale  the  methods  of  illumination  at  present 
j)ractised,  and  he  was  sure  every  remark  from  that  gentleman  would 
have  great  weight  with  those  present.  The  power  which  this  light 
possessed  of  penetrating  to  a  great  distance  constituted  its  superiority 
to  any  system  of  lighting  now  in  use  ;  and  it  was  to  be  borne  in  mind 
that  that  was  dependent  upon  the  extreme  intensity  of  the  heat  cvolvnj. 
It  had  been  correctly  stated  by  Mr.  Holmes  that  of  all  the  lights 
produced  by  chemical  means,  that  of  the  combustion  of  hydrogen  and 
oxygen  gases  upon  a  ball  of  lime  was  the  most  intense  ;  but  electricity 
was  far  more  intense  than  any  chemical  action.  By  its  means  they 
coulil  fuse  tho  most  refractory  metals,  and  convert  into  vapor  sub- 
stances which  could  not  be  volatilized  by  other  means.  With  regard 
to  the  precise  condition  of  the  carbon  as  it  passed  from  point  to  pnim 
there  might  be  a  difference  of  opinion.  He  thought  it  doubtful  whether 
it  was  litjuefied.  He  could  corroborate  the  statement  of  Dr.  liachhoff- 
ncr  as  to  the  complete  conversion  of  the  carbon  into  graphite  when 
coke  was  employed.  Mr.  Holmes  was  greatly  to  be  congratulated  on 
the  manner  in  which  he  had  contrived  to  economise  the  power  of  his 
currents.  He  had  by  an  ingenious  method  detected  the  means  of  in- 
dicating the  exact  quantity  of  magnetism  residual  in  the  magnet.  An- 
other  curious  result  which  Mr.  Holmes's  practical  experience  enabled 
liim  to  effect,  was  the  proportioning  the  weight  of  the  armature  to  the 
size  of  the  steel  magnet,  so  as  to  avoid  diminishing  its  power.  This 
was  one  of  the  most  curious  results  in  the  science  of  magnetism  that 
had  been  produced  in  the  course  of  this  inquiry.     An  opportunity 
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had  been  presented  to  Mr.  Holmes  of  making  experiments  on  a  grand 
scale,  -which  could  not  be  done  in  the  laboratory  of  the  chemist.  The 
practical  man  followed  the  theorist,  and  hence  there  arose  a  harmonious 
co-operation  between  the  two  in  the  advancement  of  science.  He  con- 
gratulated the  Society  upon  having  had  so  valuable  a  paper  brought 
before  them. 

The  vote  of  thanks  was  then  passed. 

The  paper  was  illustrated  by  a  display  of  Mr.  Holmes's  arrangement 
of  the  electric  light  as  used  in  lighthouses.  Some  reflectors  and  oil 
lamps  were  kindly  lent  by  Mr.  R.  C.  Wilkins,  with  the  view  of  show- 
ing the  various  systems  employed  in  lighthouses  at  different  periods. 

Pro.  Society  of  Arts,  Dec.  2, 1863. 

Allen  V.  The  Steam  Boiler  Assurance  Company. 

From  the  London  Mechanics'  Magazine,  July,  1864. 

This  was  a  somewhat  curious  action  arising  out  of  a  recent  boiler 
explosion  at  Nottingham,  in  which 

Mr.  Overeud,  Q  C.,  and  Mr.  Wills  appeared  for  the  plaintiff;  and 
Mr.  Field,  Q.C,  and  Mr.  Beasley  for  the  defendant. 

For  many  years  past  the  question  as  to  the  causes  of  boiler  explo- 
sions has  occupied  the  attention  of  manufacturers  and  scientific  men, 
and  every  effort  has  been  made  to  render  them  as  unfrequent  as  pos- 
sible. They  are  still,  however,  so  frequent  that  the  defendants  have 
established  themselves  for  the  purpose  of  insuring  manufacturers 
atrainst  losses  arising  from  explosions.  In  their  policies  the  defendants 
exempt  themselves  from  liability  in  respect  of  accidents  arising  from 
"wear  and  tear  ;"  and  in  the  present  case  the  only  question  was 
whether  the  accidents  in  question  arose  from  "wear  and  tear,"  so  as 
to  exempt  the  defendants  from  liability.  The  boiler  in  question  was 
supplied  by  and  put  up  under  the  personal  superintendence  of  the 
defendants  engineer.  After  lasting,  however,  only  three  years, 
instead  of  ten  years,  which  was  said  to  be  the  average  duration  of 
boiler-life,  it  burst — happily,  however,  without  causing  loss  of  life,  or 
doing  any  material  damage. 

The  case  on  behalf  of  the  plaintiff  was  that  the  boiler  was  faulty  in 
construction  and  badly  erected.  It  was  shown  in  evidence  that  the 
boiler  had  always  leaked  from  the  time  it  was  first  put  up,  and  that 
the  iron  consequently  corroded  until  it  became  so  weak  that  a  pressure 
of  13  lbs.  to  the  inch  was  sufficient  to  burst  it.  It  was  also  shown 
that  the  boiler  was  of  a  kind  peculiarly  liable  to  accidents.  The  base 
of  the  boiler  was  placed  in  the  fire,  and  the  pressure  of  steam  forcing 
the  water  upwards,  and  leaving  a  steam  space  at  the  bottom,  the  base 
of  the  boiler  was  left  without  water,  and  was  always,  therefore,  more 
liable  to  corrode  and  burst  than  in  the  case  of  a  boiler  the  base  of 
which  is  placed  under  the  fire.  It  was  contended  that  if  the  defen- 
dants were  not  liable  in  the  present  instance  it  would  be  impossible  to 
imagine  a  case  in  which  they  were  liable. 

For  the  defendants,  evidence  was  given  of  scientific  men,  who  gave 
it  as  their  opinion  that  the  plaintiffs  workmen  had  been  negligent  in 
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their  care  of  the  boiler,  and  that  the  acci«lent  had  arisen  from  "  wear 
and  tear."  It  was  contended  for  the  defendants,  that  if  they  were 
liable  in  such  a  case  as  the  present,  the  result  would  be  that  they  vrouM 
have  to  keep  in  repair  the  boilers  of  all  persons  who  insured  with 
them. 

The  jury  found  a  yerdict  for  the  plaintiff. 


On  Punching  and  Drilling  Rivet  holes. 

Kruoi  the  liOiidon  Muchaoics'  Mai;*xin«,  AukuhI,  1861. 

Probably  the  liveliest  discussion  which  arose  upon  the  sover.il 
papers  read  at  the  nieetinf^  of  the  Mechimical  Kn;^ineers  at  Glasgow, 
turned  u})on  the  comparative  advantaf^es  of  jtunching  and  drilling  in 
making  rivet  holes.  Mr.  Fletcher,  the  veteran  tool-maker  (and  a 
jjartner  in  the  house  of  Messrs.  William  Collier  k  Co.),  had  prepared 
11  very  able  paper,  in  the  course  of  which  he  properly  gave  the  pre- 
ference to  drilled  as  compared  with  punched  rivet  holes.  lie  de- 
scribed the  defects  of  ordinary  j)unching,  not  perhaps  with  especial 
originality,  inasmuch  a?  these  defects  are  so  well  known,  and  have 
been  so  often  discussed,  that  little  that  is  new  could  be  said  of  them. 
The  process  of  punching  is  u  rough,  and  we  may  say,  a  barbarous  mode 
of  making  a  hole  in  an  iron  plate.  A  series  of  holes,  too,  in  a  row, 
can  hardly  be  punched  with  that  degree  of  accuracy  which  is  neces- 
sary in  modern  holler-making  and  briilge-building.  We  are  here  speak- 
ing only  of  accuracy  of  line  and  pitch,  for  no  punched  hole  is  in  itself 
cylindrical  or  smooth.  Mr.  Roberts's  jacquard  punching  machine  so- 
cured,  it  must  be  owned,  a  degree  of  accuracy  before  unknown  in  punch- 
ing bridge  plates,  and  it  was  employed  with  success  for  punchin" 
the  plates  of  the  Conway,  the  Victoria,  the  I>oyne,  and  the  Jumn;i 
bridges,  and,  more  recently,  upon  the  Menangle  and  I'enrith  bridges 
for  the  Great  Southern  Railway  of  New  South  Wales.  But  admirable 
as  is  the  ingenuity  displayed  in  the  jacquard  machine  (and  that  now 
at  the  Canada  Works,  Rirkinhead,  is  the  only  one  which  the  late  Mr. 
Roberts  ever  ma<le),  it  must  be  owned  that  it  would  have  accomplished 
even  better  work  had  it  been  a  drilling  instead  of  a  punching  machine. 
Besides,  whatever  want  of  truth  and  accuracy  there  may  be  in  ordi- 
nary punching,  it  is  believed  that  the  action  of  the  punch  strains,  and 
thus  weakens  the  iron.  Few,  we  think,  employ  punches  which  e,\actlv 
fit  their  dies,  and  therefore  the  operation  of  punching  does  not  give 
the  clean  shearing  cut  which  is  commonly  counted  upon.  An  exanir- 
nation  of  a  plate  which  has  been  oiily  half  jiunched  through  will  m 
once  show  how  much  the  punch  distorts,  and  therefore  of  necessity 
strains  the  iron  upon  which  it  acts.  No  iron  can  be  once  strained  be- 
yond its  limit  of  elasticity  without  injury,  or,  in  other  wor<ls,  without 
being  made  weaker  ever  afterwanls.  Yet  an  ordinary  punch  dot^s 
strain  the  iron  surrounding  the  punched  hole,  and  to  an  extent  whicli 
Mr.  Fairbairn  has  estimated  pretty  closely  from  the  results  of  cxper  - 
ments  upon  punched  plates.  Although  with  11-1<5  in.  rivet  hole^  of 
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Ifiti.  pitch,  less  than  40  percent,  of  the  iron  is  removed  by  punching, 
the  single  riveted  joint  loses  at  least  44  per  cent,  of  the  strength  of  the 
solid  plate.  This,  too,  is  the  result,  notwithstanding  the  friction  at  the 
lap  of  the  plates,  -which  thus  gives  each  plate  a  certain  hold  upon  the 
other.  We  believe  Mr.  Fairbairn's  experiments  showed  a  loss  of 
strength  in  the  iron  left  between  the  holes  punched  in  a  row  equal 
to  about  fifteen  per  cent,  of  the  strength  of  the  same  net  section 
of  iron  before  punching.  With  very  thick  plates  the  injury  by  punch- 
ing is  greater,  we  believe  than  with  thin  plates.  The  French  engi- 
neers prefer  very  thick  iron  for  large  locomotive  boilers,  and  for 
those,  5  feet  in  diameter,  of  the  largest  Enjjerth  encrines,  iron  of  15 
millimetres,  or  6-10  in.  thickness,  is  employed.  Here  we  believe  the 
loss  of  strength  by  punching  amounts  to  something  considerable,  and 
we  can  say  that,  in  some  of  the  French  bridge-work,  we  have  seen 
three  consecutive  rivet  holes  cracked  out  to  the  edge  of  the  plate 
under  the  combined  action  of  punching  and  rivetins.  A  series  of  ex- 
periments,  made  by  a  committee  of  Lloyd's,  with  reference  to  the 
strength  of  the  riveted  plating  of  iron  ships,  went  to  show  that  a  joint 
in  3-8  in.  iron  was  absolutely  as  strong  as  one  in  J-in.  iron,  the  loss 
of  the  whole  strength,  due  to  riveting,  being  only  40  per  cent,  in  the 
■first  case,  and  nearly  60  per  cent,  in  the  second.  If,  instead  of  trust- 
ing to  general  opinions,  engineers  chose  to  investigate  by  actual  ex- 
periment the  effect  of  punching  upon  the  strength  of  iron  plates,  they 
would,  we  believe,  have  reason  to  abandon  punching  to  a  great  extent, 
if  not  altogether.  The  drill  makes  a  clean  cut.  without  the  chance 
of  injury  to  the  iron,  and  in  this  way  its  employment  must  add  great- 
ly to  the  strength  of  riveted  structures,  and  that  extra  strength  is  quite 
irrespective  of  the  additional  strength  obtained  by  the  certainty  that 
the  rivets  exactly  fit  the  rivet  holes,  and  that  the  holes  are  exactly 
coincident  in  opposite  plates  Avithout  the  use  of  the  drifting  tool.  Rivet 
lioles  are  now  drilled  with  nearly  the  rapidity  with  which  they  can  be 
punched.  Mr.  Fletcher,  at  the  Glasgow  meeting,  described  a  machine 
upon  the  general  construction  adopted  a  few  years  ago  by  Messrs. 
Cochrane  for  drilling  the  plates  of  the  Charing  Cross-bridge,  and  he 
mentioned  the  fact  that  this  machine  drilled  all  the  holes  in  a  large 
plate  of  1  in.  thickness  in  fourteen  or  fifteen  minutes  only,  all  being 
drilled  at  one  operation.  By  powerful  hydraulic  pressure,  worked 
from  an  accumulator,  each  drill  is  pressed  with  a  force  of  about  6  cwt. 
but  by  increasing  the  pressure  the  whole  plate  may  be  drilled  in  the 
short  space  of  3J  minutes.  Mr.  Adamson,  the  eminent  boiler-maker 
of  Hyde,  stated  that  he  found  the  drilled  plates  much  better,  in  re- 
spect of  strength  and  tightness  of  the  joints  than  those  punched  in  the 
ordinary  manner,  and  he  anticipated  that,  within  a  year  or  so  from 
the  present  time,  every  boiler  plate  worked  up  in  his  factory  would 
be  drilled  instead  of  being  punched.  With  a  far-seeing  judgment  of 
the  requirements  of  an  improved  practice,  Mr.  Adamson  added  that 
he  had  still  greater  confidence  in  welded  seams  ;  and  we  may  conclude 
that  this  grand  improvement,  occasionally  resorted  to  by  Bury,  Hack- 
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wortli,  and  oilicrs,  will   eventually  come  into  general  use  in  the  case 
of  lioilcrs  in:i<le  of  plate  iron. 

There  were  those,  however,  at  the  Glasgow  meeting,  who  contendetl 
stoutly  that  drilled  rivet  holes  were  in  no  respect  ttuperior  to  tlio«e 
j)iinchf(l  in  tiie  or<linary  manner.  We  are  unwillin;;  to  refer  person- 
ally t<i  the  .speakers  who  supported  this  view,  hm  they  had  no  facts 
whatever  in  support  of  their  assertioris  upon  this  point,  heyond  t||e 
iji'l^ative  proof  ihat  hollers  made  with  pnnclied  holes  had  not  yet  blown 
up,  nor  bridges,  with  holes  thus  punch»-<l,  yet  broken  down.  Tliis 
argument,  however  it  may  commend  itself  to  a  certain  class  of  practi- 
cal men,  is  not  that  tipon  which  the  question  is  to  be  discussed.  No 
one  [»r<'tends  that  brid;i;es  are  in  «lan;^er  of  breaking  down  merely  be- 
cause their  rivet  holes  are  punched,  an<l  therefore  no  (juestiun  of  this 
kind  is  at  issue.  Thf  only  (juestion  is,  do  putiehed  holes  leave  a.n 
much  strength,  and  arc  they  as  consistent  with  tightness  and  general 
excellence  of  workmanship,  as  those  drilled  with  the  improved  raacbi- 
!»ery  '!  It  is  no  proof  because  a  bridge  has  not  broken  that  it  is  as 
it  might  be  made  with  liie  same  materials.  The  necessity  for  the  ut- 
most strength,  both  of  the  materials  and  of  their  comljinatinn  in 
bridges,  boilers,  ami  ships,  is  now  more  widely  recogDi^ed  and  in?i>tcd 
upon  than  heretofore.  Is'ot  only  are  we  building  numerous  bridges 
of  great  span,  but  the  weight  of  railway  trains  is  increasing,  not  mere- 
ly when  taken  collectively,  but  when  weighed  over  each  foot  of  linr 
covered.  So  with  boilers  ;  while  the  whole  sizes  are  still  i 
there  is  a  tendency  to  increased  pressures  ;  and  in  the  case  of  ir- 
no  amount  of  strength  consistent  with  lightness  is  too  great.  We 
shall  have  an  additional  guarantee  of  safety  when  all  riveted  work, 
to  which  the  security  of  human  life  is  conGded,  is  carefully  drilled  in- 
stead of  being  punched,  and  yet  we  have  to  confess  to  a  wonder  that 
the  representatives  of  great  houses  should,  both  at  Glasgow  and  at 
the  late  meeting  of  the  South  \\  ales  Engineers,  contend  that  punched 
]>lates  were  as  strong  as,  if  not  stronger  than,  those  drilled  by  special 
machinery. — Emjineer. 

Procenfor  Preserving  Floicen. 

Kroin  tlie  U>n<loii  Artltan,  IVc„  1S<>4. 

Mr.  C.  11.  Tichborno  states  that,  being  desirous  of  preserving  a 
vegetable  hisus  naturtr  for  some  time,  he  submerged  it  in  some  weak 
glycerine,  considering  that  that  fluid  would  be  less  likely  to 
the  tender  organism,  and  also  remembering  that  it  had  bei  i 
most  etlioii'iit  in  the  preservation  of  animal  tissues.  The  glycerine 
answereil  its  purpose  most  admirably,  preserving  the  delicate  parl-s  of 
iiie  plant  and  preventing  decomposition.  lie  immediately  saw  that 
this  property  of  glycerine  mi)»ht  be  made  available  for  certain  phar- 
luaoeutical  purposes,  where  it  was  desired  to  preserve  or  extract  the 
art)mata  of  vegetable  products,  such  as  elder,  orange,  or  rose  flowers. 
and  also  might  be  substituted  for  the  oils  and  fats  used  in  the  pure.-t 
process  termed  enfleurage.  The  glycerine  need  not  bo  especially  pure, 
but  should  be  devoid  of  odor.     The  elder-flowers  should  be  gathered 
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when  the  corolla  is  fully  expanded,  but  not  too  far  gone  ;  they  should 
then  be  plucked  from  the  stem,  and  packed  firmly  in  wide  mouthed 
])ottles  or  jars,  without  crushing  them ;  and  the  whole  should  then  be 
covered  with  glycerine.  Mr.  Tichborne  states  that  he  has  thus  pre- 
served flowers  for  two  years,  and,  on  distilling  them,  procured  a  water 
the  perfume  of  which  has  equalled  the  most  recent  product.  For  the 
pieservation  of  the  aroma  of  the  flowers  he  considers  the  employment 
of  glycerine  far  superior  to  the  system  termed  enfleurage,  in  which 
heat  is  used. 


Translated  for  the  Journal  of  the  Franklin  Institute. 

Welding  Iron  by  Hydraulic  Pressure. 

M.  B.  Duportail,  an  engineer,  has  been  trying  experiments  upon 
the  application  of  hydraulic  pressure  to  forging  and  boiler-making. 
His  experiments  were  especially  directed  towards  the  welding  of  iron 
under  the  hydraulic  press,  by  which  a  permanent  and  almost  indefinite 
pressure  is  produced,  by  which  the  welding  is  efi'ected  throughout  the 
mass  of  the  iron,  and  not  merely  at  a  small  depth  as  under  the  forge 
hammer.  In  his  last  experiments  Mr.  D.  welded,  without  previous  pre- 
paration, two  pieces  of  iron,  1|  inches  square,  after  heating  them  to 
a  white  heat.  The  operation  took  place  with  the  greatest  ease,  the 
iron  was  moulded  like  dough,  and  spread  out  at  the  sides  whilst  the 
pressure  was  in  action.  The  pressure  was  stopped  when  the  thickness 
at  the  joint  was  equal  to  that  of  the  bars.  After  cooling,  the  piece 
was  split  in  two  for  the  purpose  of  examining  the  weld.  The  appear- 
ance was  excellent,  and  one  of  the  two  pieces  was  put  under  a  ham- 
mer of  a  ton  and  three-quarters  and  struck  three  times,  cold.  The 
weld  showed  itself  only  under  the  second  blow  and  was  not  completely 
opened  by  the  third.  Cosmos. 


Translated  for  the  Journal  of  the  Franklin  Institute. 

Preparation  of  Muminium. 

M.  Corbelli  has  found  a  simpler  and  more  economical  process  for 
procuring  aluminium  than  that  heretofore  used.  The  metal  is  pre- 
pared from  clay  first  carefully  purified  from  foreign  matter, — then 
dried  and  treated  by  an  acid  to  remove  iron.  About  six  times  its 
weight  of  sulphuric  acid  will  answer  this  purpose.  The  clay  is  then 
allowed  to  settle,  dried  again,  and  mixed  with  about  twice  its  weight 
of  Prussiate  of  potassa,  the  quantity  of  which  is  to  be  increased  or 
diminished  according  to  the  content  of  silica  in  the  clay.  To  this  mix- 
ture, one  and  a  half  times  the  weight  of  the  clay,  is  added  of  common 
salt ;  the  mixture  placed  in  a  crucible  and  heated  to  a  white  heat. 
After  cooling,  the  aluminium  will  be  found  at  the  bottom  of  the 
crucible.  Cosmos. 
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Tranilated  for  the  Journal  of  th«  Franklin  Inititut/'. 

A  New  Method  of  llardening  Cast  Iron. 

A  patent  has  just  been  taken  out  (in  France),  for  a  metliod  1>t 
which  cast  iron  may  be  made  as  hard  as  tempered  steel.  When  tlio 
object  in  cast  ircju  has  been  filed  up  and  conjpletely  finished,  it  i»  t'» 
be  heated  to  cherry-red,  and  phinged  until  it  is  cobl  a;:ain  in  a  P'du- 
tion  containing  lUSU grammes  (70  ozs.  troy)  of  sulphuric  acid,  and  »»•'» 
grammes  (4  ozs.  troy)  of  nitric  acid  to  2^  gallons  of  water.  'J'li-* 
thickness  of  surface  hardened  is  suflicient  for  ordinary  wear,  and  th-- 
form  of  the  object  is  not  at  all  altered.  Co$ino«. 
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Proceedinps  of  the  Stated  Monthly  Meetinj^  November  11th,  IS*)!. 

William  Sellers,  President,  in  the  chair. 

Washington  Jones,  Recording  Secretary. 

The  minutes  of  the  last  meeting  were  rca<l  an<l  approved. 

Tlic  Board  of  Managers  and  Standing  Committees  reported  their 
miiitites. 

The  Board  of  Managers  reported  resolutions  passed  at  their  last 
meeting  for  regulating  the  scientific  proceedings  of  the  Institute, 
which  were  read  and  approved  by  the  Institute. 

In  accordance  with  the  second  resolution,  the  President  »ppointc<l 
a  standing  Cuimnittee  to  have  charge  of  the  scientific  proceedings  con- 
sisting of  the  following  gentlemen,  vir. 

Prof.  Fairman  Bogers,  J.  Vaughan  Merrick,  Esq.,  Prof.  John  F. 
Frazer,  Coleman  Sellers,  Esrj.,  and  Prof.  Henry  Morton. 

The  Special  Committees  on  Weights,  Measures,  and  Coinage,  ofth.* 
United  States;  on  Steam  Expansion;  and  on  a  uniform  system  of 
Screw-threads  and  Bolt-heads,  and  Nuts,  reported  progress. 

Robert  Briggs,  ilsq.  called  the  attention  of  the  meeting  to  the  pro- 
posed establishment  of  a  new  Institution  in  Boston,  Mass.,  under 
the  title  of  the  "  Institution  of  Technology."  He  stated  the  amount 
of  donations  already  contributed  in  money  and  land  for  the  purpose, 
and  submitted  two  pamphlets  published  on  the  subject,  one  eniiilod 
''  Uiijects  aiid  Plan  of  an  Institute  of  Technology  including  a  Society 
of  Arts,  a  Museum  of  Arts,  and  a  School  of  Industrial  Science  ;"  and 
the  other,  "Scope  and  Plan  of  the  School  of  Industrial  Science  of 
the  Massachusetts  Institute  of  Technology. 

Prof.  Fairman  Rogers  made  some  remarks  on  tl>e  manner  of  con- 
ducting the  examinations  in  the  school  of  Technology  at  Cambridge, 
Massachusetts. 

Mr.  Thomas  Shaw  called  the  attention  of  the  Institute  to  the  im- 
portance of  a  uniform  system  of  Sound  Signals  to  be  used  on  railroads, 
and  moved  a  resolution  referring  the  subject  to  the  Committee  on  Sci- 

36  • 
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ence  and  the  Arts  to  be  investigated  by  them,  and  report  to  the  In- 
stitute. 

Mr.  Samuel  Dunseith  exhibited  specimens  of  Leather,  tanned  by  his 
patented  process,  ■which  is  as  follows: — 

The  skins  are  first  treated  in  the  usual  manner  adopted  by  practi- 
cal tanners.     * 

The  tanning  composition  is  prepared  by  making  a  decoction  of  the 
plant  known  as  Golden  Hod  (Solidago),  and  dissolving  in  the  same  a 
sufficient  quantity  of  "  Cuch,"  or  "Catechu,"  alum,  nitre,  and  salt. 

The  skins  are  then  introduced  into  the  tanning  liquor,  which  should 
be  maintained  at  about  15  degrees  barkometer  standard,  until  the  tan- 
ning is  completed.  Calf  skins  and  kips  can  be  tanned  in  from  8  to 
14  days,  and  ox  skins  in  from  20  to  90  days. 

Holt's  Patent  Ribbon  Hand  Stamp  was  also  exhibited.  In  this 
stamp  a  chemically  prepared  silk  ribbon  furnishes  the  coloring  mat- 
t<T,  and  as  it  "will  never  dry,  gum-up  or  evaporate,  the  stamp  is  al- 
vays  ready  for  use,  and  the  ordinary  troublesome  pads,  brushes,  &c. 
ate  disj)eMded  with. 

J.  llarrar's  Improved  Skate  Fastening  was  exhibited.  This  fasten- 
i:  g  is  intended  as  a  substitute  for  the  plates  heretofore  used  for 
bt-curing  the  shoe  to  the  heel  of  the  boot,  the  proper  adjustment  of 
vhich  is  a  matter  requiring  considerable  labor. 

'Die  improvement  consists  of  a  small  malleable  iron  hollow  cylinder 
Hcrcw,  to  adjust  which  it  is  only  necessary  to  bore  a  hole  in  the  boot- 
bcol  with  a  half-inch  bit,  and  screw  the  cylinder  into  the  same. 

Mr.  Longstreth  exhibited  J.  M.  Naglcc's  Improved  Syphon.  The 
ft}:ort  stem  of  the  syphon  is  bent  at  its  upper  end,  and  connected  to  the 
top  of  a  reservoir,  from  the  lower  side  of  which  projects  the  long  stem 
the  latter  having  a  cock  at  its  lower  end.  At  the  top  of  the  reservoir 
irt  a  funnel  between  which  and  the  reservoir  is  a  cock. 

The  reservoir  and  longer  stem  of  the  syphon  are  filled  through  the 
funnel,  with  the  fluid  to  be  discharged,  and  when  thus  filled  contains 
nuch  a  quantity  of  the  fluid  that  before  all  has  been  discharged  a 
pn,rtial  vacuum  is  formed  in  the  short  stem  through  which  the  fluid  i* 
thus  caused  to  flow  into  the  reservoir. 


ERRATA. 

Tn  Vol.  xlvii. — June,  1864. — "Jiobinson  on  Arch  Truss  Girders." 
Page  363,  line  11  from  bottom  fur  '^ridged"  read  *' rigid," 

364,  "       8      "         "         "     ^^  toward  diminishing"  read  "  to  diminish,' 
"       ««       5      "         "  *'     *^  have  their*'  read  " /tas  its." 

365,  "     15       "      top       "     "  their "  read  "  it.-." 

366,  "     25      "        "         "     "G.F."  read  "j.g." 

368,     ♦♦       8       '<         "         '•     "dimiriish"  read  " diminishea." 
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Relative  Humidity — Greatest — porct., 
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"  "  Means  at  7  a.m., 
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"■      "  '2v.M., 
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t  Rnin. — Amount. 
No.  of  days  on  which  Rain  fell, 

•Prevailing  "VN'inJs— Times  in  1(HX) 


November, 

November, 

November, 

1804. 

1803. 

for  14  years. 

6^tU<J*» 

GO-OU*» 

80'00° 

30th. 

/>lh. 

Ut  1800. 

0.j17 

Oif.'>0 

72-30 

'Jlh. 

r.th. 

0th  1857. 

Uij-OO 

2'c<tO 

10-00 

'J4lh. 

3(lth. 

25th  1860. 

2S-83 

30 -oO 

23-30 

•S.id. 

3(tth. 

25th  1860. 

10 -HO 

14-37 

13  27 

5-84 

0-35 

5-71 

41:{U 

42-45 

41-18 

4'J.2-J 

62  03 

50-20 

44f>7 

40  12 

4441 

4503 

47-07 

45-20 

30-347  in. 

30-240  in. 

30-r.Ol  in. 

25lh. 

23d. 

12th  1851. 

30:{-^l 

30  232 

30-52(» 

li4th. 

23d. 

12th  1851. 

20  080 

20-434 

29-080 

4th. 

17lh. 

4th  1864. 

20  1o0 

20-408 

20  150 

4lh. 

17lli. 

4th  1004. 

0-2118 

0-1  Sf, 

01 80 

20-848 

20-803 

20-009 

20-803 

20-804 

20-800 

20-849 

20-854 

20-807 

20-833 

20-840 

29-891 

0-.'>48  in. 

0-403  in. 

0^832  in. 

lOih. 

15th. 

Mh  lS.'i7. 

•082 

•074 

-055 

24th. 

loth. 

25lh  1857. 

•218 

.208 

•225 

•227 

•214 

•230 

•227 

•21G 

•233 

•224 

•213 

•229 

04  0 pore. 
7th. 

97-0  f>cr  c. 
15th. 

1000  per  c. 
often. 

30-0 

25-0 

25  0 

:!(iih. 

7th. 

7lh  18C3. 

7(;-2 

78-7 

77-4 

coo 

52-2 

50-0 

"•>.•» 

000 

73-5 

'        00-8 

04  0 

70  0 

5 

C 

8  2 

2-'. 

24 

21-8 

72-7  per  c. 
73-0 

57-3  per  c. 
543 

641-8  pet  c. 
00-9 

no-" 

52  3 

53-0 

08-5 

54  0 

58-2 

4  005  in. 

2  9G0in. 

3-778  in. 

13. 

7- 

10  6 

'sSCo  40'w2G0 

N82*>4f)'w371 

n72*'44'w-2G5 

•  Sky  ODC-tbinl  or  lew  coTcr<d  al  Uic  boun  ol  obiirrTaiioD. 


428 

A  Comparison  of  some  of  the  Meteorological  Phenomena  of  the  autumn  of  18G4, 
with  that  of  1863,  anii  of  the  same  Season  for  rouiiTKEN  years,  at  Philadelphia, 
Pa.  Barometer  GO  feet  above  wean  tide  in  the  Delaware  Kiver.  Latitude  39°  57V 
N.;  Longitude  75°  10^'  W.  from  Greenwich.    By  J.  A.  Kirkpatrick,  A.  M. 


Autumn, 

Autumn, 

Autumn,  for 

18U4. 

1863. 

14  years. 

Thermometer — Highest — degree, 

81-00° 

83-00° 

95-00° 

"                     "             date. 

Sep.  24th. 

Sep.  7th. 

Sep.  12th  '61 

'»              Warmest  day — Mean, 

75-00 

77-17 

85-20 

"                    "             "       date, 

Sep.  24th. 

Sep.  7th. 

Sep.  6th  1854 

"               Lowest — degree, 

25  00 

25-00 

16-00 

"                     "          date,  . 

Nov.  24th 

Nov.  30th. 

Nov.  25th  '60 

"                Coldest  day — Mean, 

28-83 

30-50 

23-30 

«'                     "         '•        date,    . 

Nov.  23d. 

Nov.  30th. 

Nov.  25th  '60 

"               Mean  daily  oscillation. 

12-09 

15-04 

1510 

"                     •'         "    range, 

5-07 

5-17 

5-27 

•'               Means  at  7  A.  M.,     . 

51-54 

51-27 

51 -G6 

2  P.  M.,     . 

59-79 

61-73 

02-57 

9  P.  M.,     . 

54-09 

6500 

55-43 

«'                     «*  for  the  Autumn, 

55-34 

66-00 

56-55 

Barometer — Highest — Inches, 

30-347  in. 

30-312  in. 

30-661  in. 

"                  "        date. 

Nov.  25th. 

Sep.  23d. 

Nov.  12th '51 

"           Greatest  mean  daily  press. 

30-321 

30-244 

30-520 

«'                   "         date. 

Nov.  24th. 

Sep.  23d, 

Nov.  12lh'51 

''           Lowest — Inches,  . 

29-080 

29-281 

29^012 

date. 

Nov.  4th. 

Sep.  18th. 

Oct.  26th  '57 

"            Least  mean  daily  press.. 

29-150 

29-4G0 

29-059 

"                   '•         date. 

Nov.  4th. 

Sep.  18th. 

Oct.  26th  '57 

«'            Moan  daily  ran^'C, 

0-147 

0-130 

0150 

*'           Means  at  7  A.  M., 

29-783 

29-908 

29-927 

2  P.  M., 

29  •741} 

29-862 

29-886 

9  P.  M., 

29-790 

29-906 

29-912 

••                  "      for  the  Autumn, 

29-773 

29-892 

29-908 

Force  of  Vapor — Greatest^Inches, 

0-741  in. 

0-784  in. 

0-991   in. 

"            "              "            date,     . 

Sep.  24th. 

Sep.  17th. 

Sep.  0th  1 854 

•«            "          Least — Inches,     . 

-082 

•074 

055 

"             "               "         date. 

Nov.  24th. 

Nov.  10th. 

Nov.  25th  '57 

•'            "          Means  at  7  A.  M., 

-313 

•311 

•336 

2  P.  M., 

•317 

-324 

•354 

9  P.  M., 

•327 

-328 

•355 

««            "              "  for  the  Autumn, 

-319 

•321 

•348 

Relative  Humidity — Greatest — per  ct., 

97-0  per  ct. 

97-0  per  ct. 

1000  per  ct. 

"            "                    "            date, 

Sep.  5th. 

Nov.  15tb. 

often. 

*•             "                 Least — per  ct.. 

80-0 

25  0 

23-0 

•«             «'                     "         date,   . 

Nov.  oOlh. 

Nov.  7th. 

Oct.  21  St.  '69 

"             ♦'                 Means  at  7  A.M., 

74-5 

75-1 

77-9 

2  P.M., 

57-5 

53-8 

67-1 

9  P.M., 

70-8 

69-2 

73-6 

«<             «<                     •<  for  Autumn, 

G7-G 

G6-0 

69-5 

Clouds — Number  of  clear  days,*      . 

25 

26 

29-1 

"             "               cloudy  days, 

C6 

65 

61-9 

"        Means  of  sky  cov'd  at  7  A.M. 

63-3  per  ct. 

57-3  per  ct. 

67-7  perct. 

2  P.M. 

69-5 

55-6 

56-3 

9  P.M. 

47-3 

44-5 

43-0 

«'               »'           '*          for  Autumn, 

COO 

52-5 

52.3 

Rain — Amount, 

13-111  in. 

6-601  in. 

10-705  in. 

No.  of  days  on  which  Hain  fell. 

34- 

24- 

27-7 

Prevailing  "Winds — Times  in  1000, 

.s.83°48'w253 

n76°50'w201 

.N78<'13'w-228 

*Sky,  on«-tbird  or  less  covered  at  the  bonre  of  observation. 
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